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Survival of Peromyscus in Relation to Environmental 
Temperature and Acclimation at High 
and Low Temperatures’ 


John A. Sealander, Jr. 


Department of Zoology, University of Arkansas, Fayetteville 


The importance of temperature as an environmental factor affecting the 
behavior, physiology, and ecological relaionships of various organisms has 
long been recognized. Much emphasis is still placed upon the immediate 
quantitative aspects relating temperature to various biological processes (for 
excellent reviews of this literature see Belehradek, 1935; Luyet & Gehenio, 
1940). Not much attention has been devoted, however, to the adjustments 
which various species make to changes in temperature which are prolonged 
and for which the terms “adaptation,” “acclimation” and “acclimatization” 
are customarily employed. 

The term, adaptation, is quite frequently used synonymously with accli- 
mation and acclimatization but is not as desirable, since it is most often 
used by physiologists in connection with rapid adjustments which may take 
place in a matter of minutes or hours as contrasted with the slower adjust- 
ments involved in acclimation and acclimatization. Some confusion may also 
arise from the use of the term in connection with morphological evolutionary 
changes. The usage of the terms, acclimation and acclimatization, is also not 
uniform, although the former had best refer to short term adjustments taking 
place over a period of weeks or months or within the lifetime of the individ- 
ual, while the latter should be reserved for long term adjustments which in- 
volve evolutionary changes over generations as the result of selection by the 
environment. 

The present investigation has been concerned with the extent to which 
sone of the smaller mammals may become acclimated to high and low envi- 
ronmental temperatures and the influence which such acclimation may have on 
their geographical and ecological distributions, populations, and behavior un- 
der natural conditions. The study has also been concerned with adjustments 
to seasonal rhythms in climate and the possible effect of temperature on varia- 
tions in population level. 

Major consideration has been given to the northern white-footed mouse, 
Peromyscus leucopus noveboracensis (Fischer), also called wood-mouse and 


1 Contribution from the Department of Zoology, University of Illinois, Urbana. 


257 


f 
= 
5 


258 THE AMERICAN MIDLAND NATURALIST 46 (2) 


forest deer mouse, while the prairie deer mouse, Peromyscus maniculatus 
bairdii (Hoy and Kennicott), was less intensively studied. In the remainder 
of the text the subspecific names noveboracensis and bairdii will serve to dis- 
tinguish between the two species. 


In general, the two species of deer mice are restricted to separate ecologi- 
cal niches, noveboracensis being an inhabitant of wooded and shrubby areas 
and bairdii of the prairies or open cultivated fields. The habitats of both 
species are essentially similar, but each is almost strictly limited to its re- 
spective habitat. According to Dice (1922) there is a slight amount of over- 
lapping on the border between forest and prairie, but neither species pene- 
trates very far into the other’s particular habitat. Many workers who have 
had occasion to study the two forms have noted this fact which has given 
rise to much speculation concerning the factors tending to bring about this 
habitat restriction, and several studies have been made in attempts to solve 
this problem. 

Geographically the range of bairdii extends farther north than that of 
noveboracensis (fig. 1). The southerly distribution of both species is, in 
general, similar, and their ranges overlap to a great extent. Thus, any inherent 
differences in ability to tolerate or become acclimated to low temperatures may 
help to explain the differences in the northern range limits of these species. 

All of the noveboracensis used in ‘this study were collected within an ap- 
proximate fifteen mile radius of Champaign-Urbana, Illinois, while the study 
was in progress. The mice were live-trapped with Sherman traps which dur- 
ing the winter months were protected by a wooden box containing nesting 
material and focd in order to eliminate trap moriality. 

Most of the bairdii used were animals that were born and raised in cap- 
tivity and represent the progeny of two females captured during the early 
part of the study, both be‘ng fer'zilized by the same male. These mice reached 
an age of five to six months before being used for experimental purposes. 
They did not appear to have become domesticated in any way. 

Captive animals were fed on a diet of Purina Laboratory Chow supple- 
mented from time to time with sunflower seeds, rolled oa%s, and raisins. The 
mice were confined in wire mesh cages and kept in a room in which the tem- 
perature was thermostatically controlled when not bein> used in experiments. 
In winter this room was maintained at approximately 20-23°C. and in sum- 
mer was kep: at about 23 9-244°C. Specimens used in survival tests were 
held in this room fer not loner than one or two davs during which time 
they could not have undergone any appreciable acclimation. 

The writer is greatly indebted to Dr. S. Charles Kendeich for counsel 
and ou‘dance given during the course of this study and under whose direc- 
tion it was completed. 


SURVIVAL 


A fundamental necessity which all mammals in northern climates must 
meet is that of endurance of low temperature. In winter when air tempera- 
tures often become very low and food may be inaccessible due to coverings 
of ice or snow many of the small mammals may possibly be required to 
tolerate varying periods of time without food. 
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Very little reference is made in the literature to survival time of small 
mammals undergoing starvation at different air temperatures. Most of the 
literature upon survival of birds without food has been summarized by Ken- 
deigh (1934, 1945). 

Gerstell (1942) determined the survival time of several mammals under- 
going starvation at O°F. and with or without winds of 1.1 and 5.8 miles 

t hour but makes no reference to the previous thermal experience of the 
animals. In all cases he found that the survival time of animals exposed to 
the simultaneous action of wind and low temperature was less than when ex- 
posed to low temperature alone. Percentage of initial weight lost became 
correspondingly greater with increased survival time. 

The ability of cifferent races of housemice, Mus musculus, to subsist 
without food has been determined by Benedict and Lee (1936). At room 
temperature “wilds” survived 4 days, “whites” 5 days, and “heavies” and 
“dwarfs” 9 days. Fuller and Hiestand (1947) subjected this species to air 
temperatures of about 50°C. and obtained survivals ranging from 34-75 
minutes while Horvath et al. (1948) obtained a survival time for the same 
species at -35°C. of 0.4 hours. At the same low temperature Wistar and 
albino rats survived 2.0 hours, and rabbits 3.5—6.5 hours. 


Kleiber (1946) starved 100 day old female rats at constant environmental 
temperatures and found that at 38°C. all rats died within the first day but 


\ 
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Fig. 1.—Geographic distributions of P. m. bairdii and P. |. noveboracensis. Average 
January isotherms at the northern limits of the ranges and average July isotherms at 
southern limits. 
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at 30°C. and 35°C. the rats survived up to 15 days. At 35°C. starvation to 
death produced a total weight loss amounting to 35% of the initial weight. 
Giaja and Gelineo (1934) found that at -40 to -14°C. the percent weight 
loss at death was 19, at 14-17°C it was 25 and at 30-32°C. it was 37. They 
found (Giaja and Gelineo, 1935) that in the rat death from cold, at very 
low temperatures, apparently takes place before death from hunger. 


A few survivals have been reported by Dice (1922) for Microtus ochro- 
gaster, Peromyscus maniculatus bairdii, and Peromyscus leucopus noveboracen- 
sis. His experiments indicated a much greater tolerance of high temperatures 
by the two species of deer mice than by the prairie vole. 


The literature contains little reference to the effect of previous thermal 
experience upon the survival time of mammals exposed to different air tem- 
peratures. Gelineo (cit. Kalabukhov, 1935) found that previous exposure 
of mammals to low temperatures in autumn and winter make them more 
resistant to cold, but other workers have not considered the effect of acclima- 
tion on the survival time. Among birds, it has been shown by Kendeigh 
(1934) that at temperatures between 0° and 95°F. the Enolish sparrow sur- 
vives an average of 63% longer in winter than in summer when without food 
or water. 


METHODS AND MATERIALS 


All of the indivicual noveboracensis used for survival tests were captured 
from wild populations. Those animals taken during the period from June 15 
to September 15 were arbitrarily designated as summer animals, the ma- 
jority of these being taker during July and August. while those individuals 
designated as winter animals were taken in the period from November 15 to 
March 1, the ma‘ority of wh’ch were taken during December and January. 


In the case of summer an4 winter animals survival runs were started with- 
in 24 or at most 48 hours after capture in order that acclimation at in- 
door temperatures would not take place. Survival runs upon acclimated ani- 
mals were begun after a 30-day period of acclimation at either high or low 
temperature. Summer anima's were acclimated at a mean temperature of 
8.5°C. (6.0-10.5°C.), while winter animals were acclimated at a mean tem- 


perature of 30.5°C. (29.5-325°C.) 

The constant temperature rooms used for acclimatine the animals in these 
and following experiments have been described by Shelford (1929: 404-417). 
They measured 6’x5’x7’ and 9’x5’x7’. Cooling was effected by circulation of 
air over brine cci's by means of thermo-statically controlled blowers, the ducts 
of which opered near the top of the roo:n. Heating was effected by means 
of steam pipes and an electric heating coil near the floor of the chamber. 


Individual bairdii designated as summer and winter animals were placed 
in outdoor cases and sub‘ected to six weeks acclimation at prevailing outdoor 
temperatures during summer and winter before being used for survival tests. 
Tempezatures during this period of acclimation averaged 24.8°C. (8 9-35.6°C.) 
for summer animals and 06°C. (-13.3 to 211°C.) for winter animals. The 
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remaining bairdii were acclimated at mean temperatures of 8.5°C. and 30.5°C. 
for 30 days before being used for survival tests. 

Survival runs were begun in the morning usually between eight and ten 
o'clock at which time the animals digestive tracts were presumably full after 
a night of feeding. Both noveboracensis and bairdii feed intermittently at 
all hours of the day, but feed most actively at night (Behney, 1936; Burt, 
1940; Johnson, 1926; Thomsen, 1945). Pearson (1947) found that these 
species have a daytime low in metabolism which enables them to pass the day 
on food gathered during the night. As a rule, no experiments were started 
in the afternoon or early evening, since a smaller amount of food in the di- 
gestive tract at this time presumably would have shortened the survival time. 
In a few instances where runs were begun in the afternoon or evening they 
were made at very low or high temperatures at which the survival time was 
of such short duration as to mitigate any possible reduction due to an in- 
completely filled digestive tract. 


The animals were deprived of both food and water during the experi- 
ments. Each animal was weighed to the nearest 0.1 gram on a triple beam 
balance at the beginning of the survival run and again after death occurred. 
After death each animal was autopsied and standard measurements taken. The 
pelt was removed and saved for determination of differences due to season 
and acclimation. 

Various constant temperature chambers and rooms were used in subjecting 
the animals to different air temperatures. The low temperature chamber had 
inside dimensions of 22x22 inches and was thermostatically controlled. ‘Tem- 
peratures as low at -35°C. were reached in this chamber, and temperatures 
could be held constant to within +i°C. A small air outlet with a fan per- 
mitted the chamber to be properly ventilated. Two smaller constant tempera- 
ture cabinets were used only in connection with survival tests at intermediate 
and high temperatures and could be held constant to within +1°C. A self- 
recording potentiometer using thermocouples was used to obtain a continu- 
ous seties of air temperatures within the low temperature chamber. The read- 
ings obtained with this instrument were generally within +0.5°C. Resistance 
thermometers connected with a Micromax recorder were used to measure 
air temperature in the constant temperature rooms in conjunction with max- 
imum-minimum thermometers. Temperatures in the cabinets were recorded 
by a mercury thermometer which was checked at frequent intervals during 
the survival runs. In al! experiments care was taken to insure that there 
was adequate ventilation in order to eliminate any possibility of death from 
asphyxiation. The percent relative humidity in these chambers was uncon- 
trolled and varied inversely with air temperature. Readings taken in the cold 
chamber at temperatures down to O°C. indicated relative humidities ranging 
trom 939% at O°C. to 72% at 10°C. Readings taken in other temperature 
units ranged from an average of about 68% at 10°C. to an average of 10% 
at 50°C. At around 20°C. the relative humidity ranged between 40-50% 
and at around 30°C. between 25-35%. 


In all experiments, including determination of survival time by direct ob- 
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servation, each animal was confined individually in a small hardware cloth 
cage and was kept in continuous darkness throughout the experiment. A 
shielded flashlight was generally used when making visual observations. The 
disturbance thus caused the animal was minimal and is not believed to have 
altered the survival time. 


Survival times were determined both by direct observation at regular in- 
tervals and indirectly by means of thermocouples. 


For all temperatures above -10°C. the survival period was determined 
by direct observation. The time at which death is assumed to have occurred 
was taken as the midpoint between the time when the animal was last ob- 
served alive and the time when it was found dead. The interval between 
observations varied, depending upon the temperature to which the animals 
were subjected. At extreme high and low temperatures, where survival time was 
short, observations were made frequently and survival time was generally 
determined within a few minutes. Observations were usually not less than 
15 minutes apart but at very high temperatures were made at 5-10 min- 
ute intervals. At intermediate and moderately low temperatures, observations 
were made at longer intervals which were progressively shortened as the lethal 
point was estimated to be approaching from observation of the animal’s be- 
havior. Although somewhat less accurate than the indirect method, the pos- 
sible error was at most about eight percent of the total time involved and was 
usually considerably less. 


A number of direct observations of survival time were made at very low 
temperatures, chiefly in order to note the behavior of the animals and their 
reactions to extreme cold. No marked disagreement was found Ltetween the 
deterinin-tions made in this way and by the indirect method discussed below. 


The indirect method utilized the difference in temperature between a 
thermocouple recording air temperature in the cold chamber and another 
thermocouple upoa which the animal rested. Both thermocouples were con- 
nected to the terminals of a continuously recording potentiometer. As the 
lethal point was reached the body temperature of the animal dropped stead- 
ily in a linear fashion and the temperature recorded by the thermocouple upon 
which the animal rested also fe!l linearly and in a short time reached the 
same temperature as that of the thermocouple measuring air temperature. The 
point of inflection of the temperature curve recorded by the thermocouple 
heated by the animal’s body was taker as the lethal point from which sur- 
vival time could be computed to within a few minutes. At very low tempera- 
tures this point of inflection is sharper and more clearly defined than at 
moderately low temperatures while at temperatures above -10°C. the point 
of inflection is so grac'ual, due to the slower cooling of the animal’s body, 
that the method becomes unreliable. 

The animals were confined in a small hardware cloth cage approximately 
3x3x4 inches and insulated on four sides by corrugated cardboard to minimize 
radiation of heat to the cold plates of the temperature unit. This cage was 
then placed directly upon a bleck of-wood, which insulated the cage from the 
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floor of the chamber, upon which a thermocouple was mounted. Thus the ani- 
mal always rested directly upon the second thermocouple and was not able 
to move far enough away from it to register any sudden approach toward 
the air temperature of the chamber. 


EXPERIMENTS 


The following series of experiments on survival time of deer mice without 
food or water at different air temperatures was carried out with the aim of 
determining the comparative amount of resistance of each species in relation 
to season (summer and winter) and after periods of acclimation to high and 
low air temperatures. 


Survival time in relation to previous therma! experience——Survival data 
for noveboracensis are presented in tables 1, 2, 3, and 4. As may be seen 
(fig. 2, tables 1 and 2) the mean survival time of winter animals was greater 
than that of summer animals at all temperatures up to 35°C. The mean sur- 
vival time of winter animals at 40° ard 50°C. was over 50% shorter than 
that of summer animals. The average per cent increase in survival time of 
winter over summer animals between -35° and 35°C. was 37.8%. The relative 
difference in survival time of summer and winter animals became progressive- 
ly smaller as air temperature increased (table 5). 


The mean survival times of summer animals acclimated at low tempera- 
ture and winter animals acclimated at high temperature were markedly 


TaBLe 1.—Summary of survival data for 71 adult P. /. noveboracensis. 


Summer animals taken from July 1 to September 15 


Air temperature Survival time 
(hours) 


it (grams) 


lost per hour 
(grams) 
| lost per hour 


loss (grams) 
Mean weight 


Mean weight 


9 ( 0.6-1.2 ) 21. 
-26) 6 ( 1.2-1.9 ) 25.6 
=21) { 23.7 
4° ( 4.2-9.7 ) 20.7 
8 (12.€-29.3) 18.1 
10 ) 4 (10.8-26.0) 19.2 
16 ) 19.2 
zt) (22.3-36.0) 20.1 
30 ) (25.9-53.9) 15.4 
36 ) (30.0-97.3 ) 2 
41 ) 15.7. (11.0-26.3) 17.8 
51 ) ( 0.8-1.5 ) 21.2 1.54 
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longer than those for either summer or winter animals (fig. 3, tables 3 and 
4). Over the entire range of temperature, summer animals acclimated at low 
temperature survived an average of 186% longer than summer animals, while 


winter animals acclimated at high temperature survived an average of over 
300% longer (table 5). 


TaBLE 2.—Summary of survival data for 52 adult P. /. noveboracensis. 


Winter animals taken from November 15 to March 1 


temperature Survival time 
(hours) 


percent 
1 weight 


| Mean initial 
weight (grams) 
Mean final 

| weight (grams) 

| Mean weigh: 

| loss (grams) 


( 1.7-6.2 ) 
( 3.1-6.0 ) 
( 6.6-26.3) 
(19.C-62.0) 
(15.0-58.0) 
(20.0-47.0) 
(42.8-83.2) 
(47.0-89.8) 
( 6.8-8.8 ) 
( 03-05 ) 


Tasce 3.—Summary of survival data for 45 adult P. /. noveboracensis. Summer animals 
taken from June 15 to August 15 and acclimated at 6.0-10.5°C. for 30 days 


temperature Survival time 
(hours) 


(grams) 


Mean weight 
per hour 


(grams ) 


Mean final 
weight (grams) 


Mean initial 


| weight 
| Mean weight 


| loss (grams) 
| Mean percent 


| initial weight 


| lost 


| 
| 
| 


| Number 
| of animals 
| 


( 0.9-3.5 ) 
( 5.5-16.2 ) 
( 23.9-60.5 ) 
( 65.5-117.5) 
( 90.5-177.5) 
(149.4-213.7) 
( 40.4-101.9) 
4.7-12.7 ) 
( 0609 ) 


| 
Nw 
© WwW | Mean 


wr 
WN 
ov Oo = 


wi 


5 -30 (-28 to —32) 3.9 26.1 24.3 1.76 6.74 0.46 1.72 

6 -20 (-18 to -—22) 4.1 27.9 Za2 2.43 8.71 0.59 2.11 

6 -14 (-12 to -15) 15.8 26.3 22.4 4.05 15.40 0.26 860.99 

5 { te. 31.8 25.6 19.8 5.80 22.66 0.18 0.70 

5 8 ( 6t0 10 ) 28.9 21.9 15.4 6.54 29.86 0.23 1.05 

5 20 ( 19 to 21 ) 35.5 22.2 14.8 7.40 33.33 0.21 0.95 

5 30 ( 29 to 31 ) 54.3 24.9 15.7 9.22 37.03 0.17 0.68 

5 35. ¢ 34 to 36 ) 66.5 25.0 14.8 10.18 40.72 0.15 0.60 

5 40 ( 39 to 41 ) 7.4 24.5 20.9 3.66 14.94 0.49 2.00 

5 50 ( 49 to 51 ) 0.4 23.5 22.7 0.72 3.06 1.80 7.66 
(-32 to —34) is 29.7 
(-19 to -21) 11.5 57 Fa | 3.56 13.85 0.31 1.21 
(-lto 1 ) 34.6 29.2 24.2 5.00 17.12 0.14 0.48 
( 10 to 12 ) 84.4 28.7 19.3 9.42 32.82 0.11 0.38 
( 20 to 22 ) 133.9 25.0 13.5 11.50 46.00 0.09 0.36 
( 28 to 30 ) 172.7 26.5 13.4 13.06 49.28 0.08 0.30 
( 34 to 36 ) 81.9 23.3 15.7 7.58 32.53 0.09 0.39 
( 39 to 41 ) 8.9 268 22.5 4.24 15.82 0.48 1.79 
( 49 to 51 ) 0.7 28.6 27.5 1.04 3.64 149 5.21 


percent 
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Considerable individual variation in survival time was apparent at differ- 
ent temperatures, as shown by the range, with the greatest latitude between 
30° and 35°C. for summer and winter animals and between 20° and 
30°C. for acclimated animals. At temperatures below -10°C. and above 40°C. 
the individually plotted points were very close together. The relationship of 
air temperature to survival rate has been shown by trend lines drawn through 
the data (figs. 2, 3). In drawing these lines the mean survival times were 
determined for each range of temperature and lines were then drawn between 
these values to the best apparent fit. Because the means in every case in- 
volve only a small number of individuals the chances for error in determina- 
tion of the mean are thereby increased. Therefore no attempt has been made 
to fit the line more accurately to the data, since the differences are sufficiently 
great in most cases to indicate the trend without the necessity of fitting a 
curve mathematically. In most cases the median values lay very close to the 
means giving greater reason for placing confidence in the determinations of 
the mean values at different temperatures. 


For winter and summer animals the survival time appears to be a nearly 
linear function of air temperature between -20° and -30°C. Within this 
range of temperature there is a steady lowering of resistance to starvation 
averaging 45 minutes per degree drop in temperature for summer animals 
and one hour for winter animals. Below -20°C. survival time tends to become 
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Fig. 2.—Trends in survival time of summer and winter P. /. novcboracensis 
without food or water at different air temperatures. 
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Fig. 3.—Trends in survival time of summer and winter P. |. noveboracensis 


acclimated at low and high temperatures respectively. 


TaBLeE 4.—Summary of survival for 50 adult P. |. noveboracensis. Winter animals 
taken from December 1 to January 31 and acclimated at 29.5-32.5°C. for 30 days 


Air temperature 


(°C 

2 
-30 (-27 to -35) 
-21 (-20 to -22) 
-14 (-13 to -16) 
-] ( Ow ) 

8 ( 6t0 10 ) 
20 € 19 to 21 ) 
30 ( 29 to 31 ) 
35 ( 34 to 36 ) 
40 ( 39 to 41 ) 
50 ( 49 to 51 ) 


Survival time 


(hours ) 


Range 


( 0.8-0.8 ) 
( 11-29 ) 
( 33-40 ) 
( 19.0-43.5 ) 
( 77.0-172.8) 
(283.0-488.5 ) 
(138.C-276.0) 
( 55.8-95.8 ) 
( 9.9-15.5 ) 
( 07-13 ) 


(grams) 


Mean initial 
| weight 


222 216 
25.6 25.0 
22.0 20.9 
36.0 31.8 
18.7 
34.1 13.5 
35.4 21.3 
31.2 22.0 
30.1 25.6 


Mean weight 
lost per hour 


(grams) 


S 


0.32 


S 


0.16 
0.11 
0.06 
0.07 
0.12 
0.31 
2.20 
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asymptotic, the decline in survival averaging about 10 minutes per degree 
for summer animals and 12 minutes per degree for winter animals. The 
peak in survival time appears to lie somewhere between 29° and 35° for 
both summer and winter animals, the decline of survival time in this range 
averaging about 6 hours per degree drop in temperature for both summer 
and winter animals. Since the zone of thermal neutrality for the white mousz 
is generally stated as lying somewhere between 28° and 35°C. (Benedict, 
1938; Herrington, 1940), the exhaustion of the animal’s energy reserves 
would be expected to take place most slowly at some temperature within this 
range. As the decline in survival time is very rapid between 35° and 30°C. 
with the longest survival times, on the average, at 35°C., the zone of thermal 
neutrality wou!d appear to lie closer to the upper than the lower limit of this 
range of temperature. Above 35°C. a sharp decline in survival time occurred 
which averaged a little over 6 hours per degree rise in temperature for both 
summer and winter animals. At 50°C. individual survival times were very 
close together, tending to tecome asymptotic. 

For summer animals acclimated at low temperature the survival time was 
a nearly linear function of air temperature between O° and 29°C. Within 
this range resistance to starvation was lowered by approximately 4.7 hours 
per degree drop in temperature. Between O° and -20° resistance was low- 
ered by slightly more than one hour per degree drop in temperature, and be- 
tween -20° and -30° resistance to starvation declined to about 45 minutes per 
degree drop in temperature. For winter animals acclimated at high temperature 
the survival time was a nearly linear function of temperature between -1° 
and 30°C. In this range of temperature resistance to starvation was lowered 
by about 15.9 hours per Cegree drop in temperature. Between -1° and -21°C. 
resistance was lowered by slightly more than one hour per degree drop in 


TaBLe 5.—Per cent change in survival time of P. |. noveboracensis as compared 


with survival time of summer animals 
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Mean temperature 


Ce) Winter Summer animals Winter animals 
animals acclimated at acclimated at 
low temperature high temperature 
-33 to -30 +333 - 
-21 to -20 +128 = 6 
-14 to -12 +147 


+-385 


MP. 

2.16 
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temperature and between -21°C. and -30°C. resistance to starvation declined 
to about 7 minutes per degree drop in temperature. Above 20°C. resistance 
declined at the rate of about 15 hours per degree rise in temperature between 
29° and 40°C. for summer animals acclimated at low temperature and 
dropped to about 45 minutes per degree between 40° and 50°C. For winter 
animals acclimated at high temperature survival time between 20° and 40°C. 
declined at the rate of about 17 hours per degree rise in temperature and 
dropped to a little over one hour per degree rise in temperature between 40° 


and 50°C. 


Comparison of survival times of bairdu acclimated at summer and winter 
temperatures outdoors and at high and low temperatures indoors (fig. 4, 
table 6) shows that winter acclimated animals and animals acclimated at low 
temperatures indoors had a much longer mean survival time than summer 
acclimated animals and animals acclimated at high temperatures indoors. At 
20° and 35°C. the mean survival time of summer acclimated animals was 
longer than that of winter acclimated animals. Animals acclimated at high 
temperatures indoors had a longer mean survival time at 20°C. than animals 
acclimated at low temperatures indoors, but at 35°C. the mean survivel time 
of animals acclimated at low temperatures indoors was longer. Animals sub- 
jected to low temperatures evidently underwent an increase in resistance to 
very low temperature (-20°C.) but this increased resistance was not demon- 
strated at 20° and 35°C., possibly because of the small number of individ- 


uals involved with a greater error in the mean as the result of chance varia- 
tion. Winter acclimated animals showed a decreased resistance to high tem- 
perature (40°C.) as compared to summer acclimated animals, but this differ- 
ence was not apparent between animals acclimated at high and low tempera- 
tures indoors. 


A strict comparison between noveboracensis and bairdii with respect to 
their comparative resistance to starvation at different air temperatures can not 
be made since Iaboratory-reared animals are being compared with freshly 
caught animals from wild populations. However, if bairdii which were ac- 
climated at summer and winter temperatures out-of-doors are compared with 
summer and winter noveboracensis (fig. 4, tables 1,2, and 6) it may be seen 
that bairdii survived much longer at -20° and 20°C. than did summer or win- 
ter noveboracensis. At -20°C. bairdii acclimated at summer temperatures had a 
mean survival time of 3.1 hours as compared to 1.8 hours for summer nove- 
boracensis, while bairdii acclimated at winter temperatures had a mean sur- 
vival time of 10.2 hours as compared to 4.1 hours for winter noveboracensis. 
At 20°C. bairdii acclimated at summer temperatures had a mean survival time 
of 82.5 hours as compared to 28.1 hours for summer noveboracensis, while 
bairdii acclimated at winter temperatures had a mean survival time of 61.5 
hours as compared to 35.5 hours for winter noveboracensis. At 35° and 40°C. 
there were no pronounced differences in the survival time of either species 
when acclimated at either summer or winter temperatures. 
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TaBLE 6.—Comparison of survival times for 56 adult P. m. bairdii at different air 


temperatures after previous acclimation at different air temperatures* 


Survival time (hours) 


Condition Air temperature ( ‘<7 
20 


Acclimated : 82.5 
at summer 
temperatures (23-339 ) (30.3-162.3 ) (68.8—77.8 ) (11.9-14.9) 


(4) 
Acclimated 10.2 61.5 63.3 6.1 


at winter 
temperatures (4.7-13.1) (47.0-86.8 ) (41.8-76.5) ( 5.0-9.3 ) 
(4) 


Acclimated 1.4 67.7 . 13.5 

at 29.5°. 

32:5°C. (1.2-1.7 ) (63.3-73.3 ) (29.5-68.8 ) ( 7.1-18.0) 
G) 


Acclimated 39.3 13.5 

at 6.0°- 

16:5°C. (23-67 ) (28.7-51.9 ) (61.3-78.5) (10.8—15.6) 
(GG) 


* Numbers in parentheses represent number of determinations at each temperature. 
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Fig. 4.—Variations in survival time of P. m. bairdii without food or water 
at different temperatures in relation to previous thermal experience. 
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Although the data indicated that bairdii has a greater resistance to low 
temperatures than noveboracensis, it is possible that the longer survival time 
of bairdii as compared to freshly caught noveboracensis was due to: (1) more 
complete adjustment to a caged existence with less energy expended because 
of nervous behavior and attempts to escape, and (2) previously better nu- 
trition along with greater fattening due to an abundance of food, rather than 
to any temperature effect. 

It is possible that noveboracensis acclimated at high and low tempera- 
tures in the laboratory survived longer than freshly caught noveboracensis for 
similar reasons to the above. In an attempt to answer this question, control 
experiments were run to determine whether the weight increases of acclimated 
animals were caused by temperature, photoperiod, or better nutrition coupled 
with less activity under caged conditions. Freshly caught noveboracensis were 
held in cages out-of-doors and supplied with an excess of food. One group 
was subected to continuous darkness, as in the experiments, while another 
was subjected to the normal photoperiod. Another group was subjected to in- 
termediate temperatures in the laboratory, being maintained in almost con- 
tinuous darkness. The results of these experiments are presented in table 7. 


In all cases males underwent much greater increases in weight than females. 
This increase was greater for males subjected to continuous darkness than 
for those on a normal photoperiod. Weight decreases undergone by females 
in two of the experiments are believed to be due to an initial condition of 
pregnancy and lactation for some of the animals. Birth of litters and involu- 
tion of the mammary glands may have caused a large enough weight loss to 
offset any gains due to better nutrition or other causes. The primary cause of 
the weight increases appears to be due to better nutrition and less exercise than 
under natural conditions, although regression of the gonads in males brought 
about by a decreased light period or a caged existence may have been respon- 
sible for some of the weight gain. The fact that males on a normal photo- 
period underwent a smaller weight increase than those in constant darkness 


suggests that the length of the photoperiod is involved. 


On the basis of the above evidence, it would seem that the experiments in 
which bairdii were acclimated at high and low temperatures are more reliable 
than those in which noveboracensis were acclimated at high and low temper- 
atures because the bairdii were accustomed to cage life from birth and did 
not experience a change in diet as did the noveboracensis which were taken 
directly from wild populations. 


Effect of weight on survival time.—Over the range of temperature below 
and including the optimum temperature for survival, longer survival times were 
correlated with larger initial weights. In general, the heavier individuals survived 
longer at any given temperature. The same observation has been made by 
Kendeigh (1934, 1945) for the English sparrow, by Phillips, Ashworth and 
Brody (1932) for the domestic fowl, and by Horvath et al. (1948) for vari- 
ous species of mammals and birds. Above the optimum temperature the re- 
verse was true, heavier individuals tending to succumb more rapidly than 
lighter ones. 
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TaBLE 7.—Control experiments showing the effect of diet,* photoperiod, 
and temperature on weight gain of P. |. noveboracensis 


Confined in Confined in cages outdoors 
cages indoors May 5—June 5 
Measurement April 28—May 28 


Constant Darkness 


Temperature Mean 22.0 19.0 
x) Range (20.0-24.0) (3.3-32.8) (3.3-32.8) 


Mean initial Males 23.03 (4) 21.60 (3) 19.68 (4) 
weight* * Females 23.15 (6) 1L 2654 (5) 2P 2763 (4 1?P 
(grams) All 24.30 (10) 24.69 (8) 23.65(8) 1 L 


Mean weight Males 33.10 (4) 27.93 (3) 32.20 (4) 
at end of 30 Females 28.42 (6) 25.82 (5) 27.43 (4) 
days acclima- All 30.29 (10) 26.61 (8) 29.81 (8) 


tion (grams) 


Percent increase Males 47.73 Inc. Inc. 63.62 Inc. 
or decrease in Females 13.00 Inc. Dec. 0.72 Dec. 
mean weight All 24.65 Inc. Dec. 25.05 Inc. 


Purina Laboratory Chow 
** Freshly caught animals. numbers in parentheses represent number of individuals 
measured. 


L—Lacating, P—Pregnant. 


No apparent differences in survival time due to sex could be determined 
for either noveboracensis or bairdii. It was noted that male bairdit showed a 
slight tendency to survive longer than females at comparable temperatures, but 
this difference was evidently due to the greater weight of the males. A dif- 
ferential mortality between young and old birds and between male and female 
birds subjected to starvation has been reported (Koskimies, 1948; Latham, 
1947) but comparable evidence is lacking for mammals. Sexual dimorphism 
in weight is quite pronounced for bairdii but much less so for noveboracensis. 
In some cases the survival time of pregnant females may have been shortened 
due to additional energy demands created by pregnancy, although some preg- 
nant females of the same weight as males survived longer at the same tem- 
perature. 


Absolute weight in itself does not seem to determine the length of survi- 
val at any given temperature, as shown by variations in length of survival 
for animals of the same initial weight at the same air temperature, but rather 
the percentage of weight which is in the form of energy reserves, principally 
fat. 

Relationship of weight loss to survival at different air temperatures.— 
The essential similarity between trends in survival time and trends in per- 
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cent of initial weight loss at different air temperatures shows a direct correla- 
tion between the amount of weight loss and length of survival time. This re- 
lationship is brought out further by comparison of initial weights at different 
temperatures and the survival time at the same temperatures. Average initial 
weights in order of increasing magnitude are those of summer animals, 
winter animals, summer animals acclimated at low temperature, and winter 
animals acclimated at high temperature. Average survival times for these 
four groups increased in the same order. 


Final weights of individuals having the same previous thermal experi- 
ence were rather constant about the mean but the mean was not the same 
for animals acclimated at high and low temperatures in the laboratory as for 
summer and winter animals. Animals acclimated at controlled temperatures 
in the laboratory had lower basal weights at the optimum survival tempera- 
tures than summer or winter animals. It is known that the animals which 
were acclimated at constant temperatures became heavier and accumulated 
greater fat reserves than animals taken directly from wild populations. 
Under con“itions of starvation it is possible that a certain percentage of body 
protein is converted into carbohydrates to aid in the burning of fats (Everett, 
1942: 235) and it is possible that such a conversion of protein by animals 
having greater fat reserves might account for the lower basal weights of the 
acclimated animals. Such a conversion of protein into carbohydrate provides 
the best possible explanation for some of the long survival times which were 
observed. One winter mouse acclimated at high temperature survived for 21 
days at 20°C., and survival times of 10-14 days were not uncommon for 
winter animals acclimated at high temperature. 


The percentage of initial weight lost at death was always greatest at 
the optimum survival temperature and varied with the previous thermal ex- 
perience of the animal and the initial weight at any given temperature. Heavier 
animals at any given temperature were able to lose more weight before death, 
as a general rule, than lighter animals when the previous thermal experience 
was the same. A shift in the optimum temperature for survival, downward, 
occurred for summer animals acclimated at low temperatures and winter 
animals acclimated at high temperatures. This shift seemed to be correlated 
with the increase in weight of these animals, rather than with previous ther- 
mal experience, since the optimum for both summer and winter animals was 
at about 35°C. A corresponding increase in the mean per cent of initial 
weight lost by acclimated animals at the optimum survival temperature oc- 
curred. The disa‘vantageous effect of increased weight at high temperatures 
(above thermal neutrality) may be illustrated at 40°C. for animals acclimated 
at different external temperatures (table 8). It should be pointed out that all 
of the differences in survival time cannot be attributed to weight differences 
alone. As a case in point, the survival time of winter animals acclimated at 
high temperature nearly equaled that of summer animals despite a considerable 
difference in the mean initial weight. 


By way of comparison, the mean percentage of initial weight lost by 
bairdii acclimated at different environmental temperatures was more nearly 
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constant at all temperatures of measurement than for noveboracensis (table 
9). At 20° and 35° animals acclimated at outdoor winter temperatures and 
at 60°—10.5°C. had a somewhat greater percent of weight loss at death than 
animals acclimated at outdoor summer temperatures and at 29.5°—32.5°C. 
This seems to be correlated to some degree with increases in weight of animals 
acclimated at winter temperatures outdoors and at low temperatures indoors 
over that of animals acclimated at summer temperatures outdoors and high 
temperatures indoors. At -20°C., however, animals acclimated at winter tem- 
peratures outdoors and low temperatures indoors lost a considerably greater 
percentage of initial weight before death than did animals acclimated at high 
temperature. The same was true for noveboracensis at low temperature. It 
therefore appears that animals acclimated at low temperatures are able to 
utilize the surplus weight available for survival more effectively than ani- 
mals acclimated at high temperatures. 


TABLE 8.—Survival time of P. 1. noveboracensis at 40°C. in relation to the 


mean initial weight and previous thermal experience 


Previous thermal Survival Mean Mean per cent 
experience time initial of initial 
weight weight lost 


Summer animals 15.7 hours 23.3 grams 23.7 
Winter animals 7.4 hours 24.5 grams 14.9 


Summer animals acclimated 
at low temperature 8.9 hours 26.8 grams 15.8 


Winter animals acclimated 
at high temperature 14.2 hours 25.6 grams 14.8 


The rate cf weight loss per hour (fig. 5) for noveboracensis varied 
inversely with the survival time. The actual loss per hour in grams per hour 
compares closely with the loss per hour expressed in per cent of initial weight. 
Since the lowest rate of weight loss per hour invariably coincides with the 
longest survival times and the greatest per cent of initial weight loss at the 
optimum survival temperature, there appears to be a definite correlation be- 
tween increase im survival time without focd or water and the ability to use 
the maximum amount of surplus weight available before death and at a 
slower rate. Similar observations have been made for the English sparrow by 


Kendeigh (1945). 


The rate of weight loss is not only governed by the surrounding tempera- 
ture but also by the previous thermal experience of the animal. Summer 
noveboracensis lost weight more rapidly than winter noveboracensis at the 
same air temperatures (tables 1, 2) while noveboracensis acclimated at high 
and low temperatures lost weight less rapidly at all temperatures than freshly 
caught summer and winter animals, apparently because of a more effective 
insulating layer of fat. Trend lines have been drawn through the data in 


THE AMERICAN MIDLAND NATURALIST 


TABLE 9.—Data on weight changes for 56 adult P. m. bairdii subjected to survival < 
different air temperatures after previous acclimation at different air temperatures* 


(3) 


Measurement 


at 29.5-32.5°C. 


Acclimated 


| temperature 


Mean initial 
weight 
(grams) 


Mean final 
weight 
(grams ) 


Mean weight 
loss 
(grams ) 


Mean percent 
of initial 


weight lost 


Mean weight 
lost per 

hour 
(grams) 


Mean percent 
of initial 
weight lost 
per hour 


* Numbers in parentheses represent number of determinations at each temperature. 
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2 
oS 
<% 
-20 15.35 19.88 15.57 18.00 
20 18.55 17.33 15.90 17.23 
35 15.83 19.25 13.73 17.23 
40 15.43 19.33 16.73 16.10 
-20 14.88 15.45 15.33 15.47 
20 12.08 10.60 10.43 11.90 
35 10.53 11.93 8.93 10.53 
40 11.85 16.13 13.20 12.57 
-20 0.48 4.43 0.23 2.53 
20 6.48 6.73 5.47 5.33 
35 5.30 7.33 4.80 6.70 
40 3.58 3.20 3.53 3.53 
P| -20 3.13 22.88 1.48 14.06 
+20 34.93 38.83 34.40 30.93 
a 35 33.48 38.08 34.96 38.89 
40 23.20 16.55 21.10 21.93 
~20 0.15 0.43 0.16 0.49 
20 0.08 0.11 0.08 0.14 
35 0.07 0.12 0.09 0.10 
40 0.27 0.52 0.26 0.26 
-20 0.97 2.16 1.03 2.72 
20 0.43 0.63 0.50 0.81 
35 0.44 0.62 0.66 0.58 
40 1.75 2.69 1.55 1.61 
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fig. 5 to the best apparent fit to show the comparative rate of weight loss 
for animals having different thermal histories. Somewhat the reverse trend is 
shown for bairdii (table 9). In bairdii the rate of weight loss for animals 
acclimated at low temperatures was greater at all temperatures of measure- 
ment than for animals acclimated at higher temperatures. A possible explana- 
tion for this is that no significant change in pelage density of bairdii resulted, 
except in one series of comparisons, from acclimation at high or low tem- 
peratures although significant weight differences did occur. It is possible that 
animals acclimated at low temperatures may have used up their energy re- 
serves at a faster rate because of a higher metabolic rate brought about by 
stimulation of the thyroid gland by cold (Ring, 1936, 1939; Leblond and 
Dugal, 1943; Aron and Kayser, 1939). 

Comparison of the rate of weight loss at comparable temperatures for 
noveboracensis and bairdii reveals no consistent differences between them. 
At -20°C., 20°C., and 35°C. bairdii acclimated at summer temperatures 
lost weight more slowly than summer noveboracensis, while at 40°C. their 
weight of weight loss was greater. No consistent differences were apparent 
between bairdi acclimated at winter temperatures and winter noveboracensis, 
although at -20°C and 20°C. bairdii lost a greater percentage of initial 
weight and at a slower rate. 


The much more rapid loss of weight at both very high and very low 
temperatures, as well as the very small percentage of initial weight loss 


before death, which is true of both noveboracensis and bairdii may be ac- 
counted for in several ways. These in order of consideration are: 1) the large 


SUMMER ANIMALS 
O——-0 SUMMER ANS. ACCLIM. LOW TEMP 
— WINTER ANIMALS 


wWinNTER ANS. ACCLIM. HIGH TEMP, 


LOST PER HOUR 


MEAN PERCENT OF INITIAL WEIGHT 


At® TEMPERATURE — DEGREES CENTIGRADE 


Fig. 5.—Variations in the per cent of initial weight lost per hour by P. /. novebora- 
censis without food or water at different temperatures in relation to previous thermal 
experience. 
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initial weight losses resulting from voiding of fecal and urinary wastes which 
may comprise a disproportionate amount of the total weight losses of ani- 
mals surviving for short periods of time, 2) excessive withdrawal of water 
from body tissues at very high temperatures coupled with a shortened survival 
time, and 3) rapid expenditure of energy reserves in the form of carbo- 
hydrates and inability to utilize fat reserves efficiently at low temperatures. 


A few preliminary observations have shown that the rate of weight loss 
of animals surviving without food or water at different air temperatures is 
the greatest during the fizst 24 hours of survival. Thereafter the animal seems 
to lose weight at a fairly constant or gradually diminishing rate until death 
occurs. The lowering in rate of weight loss after the first day without food 
is probably corre'ated with the rate of metabolism since it is known that star- 
vation lowers the metabolic rate (Chew, 1948; Kleiber, 1946). The decrease 
in metabolism resulting from starvation may in turn be correlated with lowered 
body temperature (Knorr, 1926). 


Large withdrawals of water from body tissues at high temperatures account 
for most of the rapid increase in the rate of weight loss at temperatures 
above the optimum. At 40° and 50°C. excessive salivation by noveboracensis 
has been observed. Excessive loss of water at high temperatures is undoubted- 
ly of value to the animal in retarding the onset of hyperthermia because large 
quantities of heat may be lost in this way. Some confirmation of this larger 
withdrawal of water from the tissues at high temperature was obtained by 
determinations of the water content of subcutaneous fat tissue of novebora- 
censis after death at both high and low temperatures. The mean per cent of 
water in the subcutaneous fat tissue of mice dying at 40° and 50°C. was 
much less than for animals dying at low temperatures in spite of a much 
shorter survival time. Animals dying at temperatures below -30°C. had over 
three times as much water in the subcutaneous fat than those dying at 50°C., 
although their survival time was about twice as long. It is known that meta- 
bolic water is increased at lower temperatures by a higher metabolic rate and 
hence accumulates in the tissues. 

Examination of pelts removed from animals subjected to different air tem- 
peratures showed marked differences in the extent of the peripheral vascular 
system in relation to air temperature. At high temperatures the peripheral 
network of blood vessels was very extensive and easily observed since the small 
vessels were greatly dilated and filled with blood. At successively lower air 
temperatures the network of blood vessels became less and less distinct be- 
cause of the contraction of smaller vessels and the decrease or absence of 
blocd in portions of the peripheral bed, until at very low temperatures the 
highly branching network of peripheral blood vessels could scarcely be made 
out cue to the ‘greatly reduced amount of blood present and the complete 
contraction of most of the smaller vessels. 

The approximate appearance of the peripheral vascular network of blood 
vessels is represented in fig. 6 for different ranges of air temperature. There 
are no well marked stages at any given air temperatures, but the network of 
blood vessels Lecomes imperceptibly less distinct with each lowering of air 
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temperature. Consequently only the approximate or average condition for 
different ranges of temperature are represented to indicate the changes that 
take place. No marked differences could be determined whi-h mig':t be coz- 
related with the previous thermal history of the animal. 
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Fig. 6.—Appearance of the cutaneous blood vessels in P. /. noveboracensis 
after death without food or water at different air temperatures. 


Since the utilization of fat for metabolic purposes is dependent to a great 
extent upon the animal’s ability to remove fat from the depots into the blood 
stream, the withdrawal of blood from the peripheral circulation at low tem- 
peratures may be an important factor in the animal’s apparent inability to 
utiize its deposits of subcutaneous fat fully for survival at very low tem- 
peratures. Confirmation of this withd-awal of blood from the peripheral cir- 
culation was provided by measurements of sp!cen size in animals after 
death at different air temperatures. Because of the tendency of the spleen to 
contract to some extent after death, extremely accurate measurements were 
not possible and only general comparisons may be made for large differ- 
cnces in temperature. However, in practically al! anima's subjected to temper- 
atures of -20°C. and be'ow the spleen was greatly enlarged, averaging about 
4x20 mm. in size, while those animals subiected to temperatures between 40 
and 50°C. had much smaller spleens which averaged about 2x12 mm. in size. 
The spleens of animals at intermediate temperatures ranging from about 
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-10° to 30°C. averaged about 3x15 mm. in size. Measurements of spleen 
size of 10 snap-trapped noveboracensis caught during the summer when 
air temperatures were moderate gave average dimensions of 2.9x15.5 mm. 
which compares favorably with that of animals after death from starvation 
at intermediate air temperatures. 


PELAGE CHANGES 


Seasonal molts occur in the majority of small mammals. The spring 
molt is usually the most pronounced and generally occurs during May and 
June but may begin in late March and end as late as early July. The au- 
tumn molt, when it occurs, may begin in early September and extend into 
October and November. In some cases it is not completed until early Decem- 


ber. 


There is a considerable body of literature to the effect that molt may 
be induced out of season in both mammals and birds by artificially altering 
the length of day. The rate of hair and feather growth, however, is appar- 
ently not affected since the time required to complete the molt generally re- 
mains the same. 


In mammals, which are unable to avoid cold weather by migration, tem- 
perature, in addition to altered day length, may be important in regulating 
molt and hair growth either directly or indirectly (Bissonnette, 1942, 1943; 
Rothschild, 1942). 


It is a matter of general observation that winter pelages are heavier than 
sum-ner ones and that the pelage of northern mammals is more dense than 
that cf southern mammals (Dozier, 1945; Hamilton, 1943: 70, 111, 278; 
and othe:s). Few comparative studies of a quantitative nature have been 
made, however. 


A number of workezs have noted the effect produced by exposure to high 
or low temperatures and acclimation at new environmental temperatures upon 
hair growth and pelage density of mammals. Unfortunately only a few quan- 
titative stucies have been made with respect to pelage density (Huestis, 1931; 
Mayer and Nichita, 1929a, 1929b, 1929c; Sumner, 1909, 1915). Conflict- 
ing results have also been reported by several investigators as to the effect 
of eavironmental temperature upon hair growth (Butcher, 1946; Eaton and 
Eaton, 1937; Sundstroem, 1922, 1926, 1927). 


An old experiment of Hoesslin in 1888 cited by Kleiber (1932, 1947) 
illustrates the effect of environmental temperature upon hair growth. Hoesslin 
raised two litter-mate dogs, one at 32°C. and the other at 50°C. At the end 
of an 88 day trial period he found that the dog at 5°C. had a metabolism 
only 12° above that of its brother, although it had to cope with a tempera- 
ture difference between body and environment six times as great as the cor- 
responding difference for its brother. The explanation was found in the fact 
that at the end of the trial period the hair of the dog at 5°C. weighed 129 
grams, that of the other only 36 grams. 
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METHODS AND MATERIALS 


Pelts used for comparison of seasonal differences and differences due to 
acclimation were all taken from animals which had undergone survival tests at 
different air temperatures. Because of the relatively short survival times it is 
assumed that no determinable changes took place in the pelages either from 
the temperature conditions imposed during the survival runs or as the result of 
starvation. 


The pelt of each animal was removed entire with the exception of the fur 
on the paws and that covering the tail. After removing the pelt, all excess 
connective tissue, muscular attachments and subcutaneous fat, when present 
in large amounts, was cleaned away and the moist skin was flattened out 
upon a smooth piece of corrugated cardboard and allowed to dry thoroughly. 
The pelt was then stripped carefully away, leaving the loose connective tissue 
not previously removed adhering to the surface of the cardboard. A certain 
amount of the subcutantous fat was absorbed by the cardboard and the re- 
mainder was removed by degreasing the skin thoroughly for 48 hours in 
xylol followed by a two hour immersion in ether or benzene. The pelt was 
then dried and placed in a dessicator for three days before weighing to the 
nearest milligram on a chainomatic balance. 


To determine the number of hairs for a given area of skin a block of 
twenty-five squares was stamped upon the underside of the pelt in a constant 
position near the mid-dorsal surface. Each square in the block had inside 
dimensions of 1.5x1.5 mm. The pelt was then placed ventral side up on the 
stage of a binocular microscope, and the number of hair follicles in four of 
the squares was counted. The average number of follicles for one square 
was then determined and this figure converted to the number of follicles 
per square centimeter. 

As a tule, the follicles were arranged in regular rows and therefore could 
be counted quite easily with a hand tally counter. Under indirect lighting 
the follicles in prime skins appear quite uniformly white, but in areas where 
molt is taking place, as indicated by a blackish appearance of the underside 
of the pelt, large numbers of follicles can be distinguished which appear jet 
black together with the developing hair shaft. It is these heavily pigmented 
follicles and hair shafts which give the unprime skin its blackish or bluish 
appearance which is replaced by a creamy color in the prime pelt. 

A possible source of error in relating the number of follicles to the num- 
ber of hairs per unit area is that inactive follicles from which the hair has 
been shed might be counted together with active follicles. A difference of 
opinion exists among histologists on this point, some claiming that when the 
new hairs are replaced the follicle remains intact while others state that the 
follicle atrophies and disappears. Danforth (1925) states that in man hair 
follicles run a regular cycle of activity averaging from 73-120 days depending 
upon the size of the follicle. In Peromyscus the appearance of jet black folli- 
cles in areas of molt, interspersed with follicles characteristic of prime pelts, 
suggests that either new follicles are formed during the molting process or 
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that atrophied follicles have been reactivated. The almost complete absence of 
unpigmented follicles in the most unprime areas, however, is an indication 
that the mixed condition may be merely due to different growth rates of the 
individual hairs. Another possible source of error in relating the number of 
hair follicles to pelage density is that there appears to be some basis for the 
belief that one hair follicle may give rise to more than one hair shaft. Assum- 
ing that such a situation existed and that the distribution of multi-shafted 
hair fo!licles was uniform, however, the correlation of follicle density with 
pelage density would not be affected although a direct conversion to num- 
ber of hairs per unit area would not be possible. 

The mid-dorsal region of the pelt was selected for making follicle counts 
since this part of the pelt is stretched least during the skinning process. In 
order to determine the amount of stretch in this region, two loops of thread 
were tied through the dorsal region of the pelt at a distance of 10 mm. 
apart prior to skinning. After the pelt had been processed, the distance be- 
tween these loops was again measured to the nearest one-half millimeter to 
determine how much the pelt had been stretched in its longitudinal axis. The 
mean stretch for 22 pelts thus measured was 0.52 mm. Assuming an equal 
stretch in both directions, a square centimeter of pelt in the mid-dorsal region 
would, on the average, be increased in size by approximately 10 square milli- 
meters. In order to restore the counts to reasonably accurate limits for pur- 
poses of comparison, a correction factor has been applied to the number of 
follicles per square millimeter which was determined from the actual counts 
per 2.25 square millimeters. 

A few measurements of hair length were made upon both bairdii and 
noveboracensis. Ten cuard hairs and ten underfur hairs were selected at ran- 
dom from the mid-dorsal region of the pelt of each animal measured. The 
total length of the hairs, which were laid out on a white background, was 
measured to the nearest 0.1 mm. with a vernier caliper. Since all of the 
guard hairs had a slight curvature, it was not possible to accurately measure 
the total length. The degree of curvature appeared to the unaided eye to be 
about the same. however, so that inaccuracies in measurement due to this 
cause would tend to be equalized for comparative purposes. Since more precise 
methods of measurement were not discovered, only a few comparisons be- 
tween summer and winter animals were made. 

In order to determine the length of time for regrowth of pelage in nove- 
boracensis and bairdii and the effect of temperature on the rate of hair growth, 
an area of about one inch square of the mid-dorsal region of the pelt was 
shaved very closely. The mice were then confined at low, high, and interme- 
diate air temperatures and daily observations were made upon each individual 
mouse. The progress of hair growth was noted until regrowth was considered 
to be complete. 


Four specimens of noveboracensis and two of bairdii were exposed to 
each range of temperature. The sexes were equally divided in order to de- 
termine whether there might be any differential growth rate correlated with 
sex since gonadotrophic hoz:mones are known to influence hair growth. 
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All of the animals were confined in complete darkness, except during 
the period of observation, and were given food and water in excess of their 
requirements. 

Statistical calculations are based upon the significance of the difference 
between two means following accepted statistical procedures. Probabilities for 
t have been determined from a standard t table for small samples (Snede- 
cor, 1916). Differences at the 5 per cent level are considered as significant 
with differences at or beyond the 1 or 2 per cent level considered as highly 
significant. 

Temperature data for summer and winter animals covering the periods 
when captures were made were obtained from the Water Survey division at 
the University of Illinois. Only the approximate temperatures to which the 
animals were probably exposed prior to capture are given. These tempera- 
tures include the period from one month prior to and including the time 
when the largest proportion’ of the animals were taken. All of the summer ani- 
mals were taken in 1948 and most of the winter animals during the winter 
of 1948-1949, a few being taken in the winter of 1947-1948. 


EXPERIMENTS 


Pelt Weights and Pelage Measurements.——Comparison of measurements 
of summer and winter noveboracensis shows a decided difference in both pelt 
weight and pelage density (table 10). The mean pelt weight and the mean 
number of hair follicles per unit area were significantly greater, beyond the 
01 level, for winter than for summer animals. This difference was apparent 
even to the unaided eye and sense of touch. Although winter animals averaged 
heavier in weight than summer animals, the percent pelt weight of total 
weight was greater for summer animals, implying an increase in either the 
weight of the pelage or of the skin or of both combined. 


Acclimation of summer animals for 30 days at low temperature produced 
a small increase in both pelt weight and pelage density as compared to fresh- 
ly caught summer animals. The increase in pelage density was not statistically 
significant although the difference in pelt weight was. The skins of summer 
animals acclimated at low temperature appeared to be thicker than those of 
freshly caught summer animals indicating that the increase in pelt weight 
was probably largely due to an increase in the amount of connective tissue. 

Winter animals acclimated for 30 days at high temperature showed a 
statistically significant cecrease in pelage density as compared to freshly 
caught winter animals. The number of hair follicles per unit area did not 
differ significantly from that of summer animals. A small but not significant 
decrease in pelt weight occurred also, indicating that this decrease was prob- 
ably correlated with the decrease in pelage density. 


No statistically significant difference was found between the pelt weight 
and pelage density of summer and winter animals collected at low and high 
temperatures respectively. This indicates that the increase in pelage density 
and skin thickness takes place more slowly in response to low temperature, 
for summer animals at least, than corresponding decreases for winter animals 
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acclimated at high temperature. The significantly greater pelt weight of win- 
ter animals acclimated at high temperatures, as compared to freshly caught 
summer animals, indicates that the decrease in amount of connective tissue 
may be a slower process than that of loss of hair. 


Very few of the summer, winter, or winter animals acclimated at high 
temperature showed any evidence of molt or hair repalcement, whereas a 
considerable proportion of the summer animals acclimated at low temperature 
showed molt in progress. Thus low temperature might provide the necessary 
stimulus to induce molt or replacement of pelage and the increase in pelage 
density of summer animals acclimated at low temperature, as compared to 
freshly caught summer animals, may be significant, contrary to statistical re- 
sults. Perhaps insufficient time was allowed to show the full effect of accli- 
mation. 

Examination of the pelage in areas where molt was in progress showed 
that new guard hairs were coming in at the base of the old hairs. Thus, new 
growth of hair may take place without loss of old, since no line of molt 
could be distinguished, the entire pelage presenting a uniform appearance 
to the eye. Therefore, either new follicles are formed at the time of molt 
or dormant follicles are reactivated. The increase in follicle count of summer 
animals acclimated at low temperature over that of freshly caught summer 
animals suggests that new follicles are formed, although it is possible that 
dormant follicles might be sufficiently atrophied previously to escape detec- 
tion. The retention of old pelage together with growth of new pelage would 
permit the animal to increase the insulative efficiency of its pelage in response 
to a lowering of environmental temperature. It is expected that the reciprocal 
relationship holds true at high temperatures. 


Comparison of measurements of bairdii acclimated at different environ- 
mental temperatures shows comparable differences in pelt weights and pelage 
censity to the measurements for noveboracensis (table 11). The pelt weight 
of animals acclimated at outdoor winter temperatures was significantly heavier 
than for animals acclimated at outdoor summer temperatures, although the 
increase in pelage density was not sufficiently great to be statistically signif- 
cant. The period of acclimation was six weeks. Since temperatures during the 
summer, although high during the day, became fairly low during many of the 
nights, it is possible that the high temperatures were not sustained long 
enough to produce a decrease in pelage density. The increase in pelt weight and 
per cent pelt weight of total weight, on the other hand, indicates that an in- 
crease in the amount of connective tissue may occur prior to an increase in 
pelage density. Likewise the pelage of animals acclimated at constant low 
temperature for 30 days was significantly denser than that of animals ac- 
climated at constant high temperature for 30 days, although the pelt weight 
did not differ significantly, being only a little greater in the animals accli- 
mated at low temperature. 


No statistical comparison between the pelage density of bairdii and nove- 
boracensis is possible because temperature conditions previous to and during 


SEALANDER: TEMPERATURE EFFECTS ON PEROMYSCUS 


TaBLe 10.—Comparison of pelage measurements of P. |. noveboracensis 


acclimated at different environmental temperatures 


Measurement 


Mean 


Temperature 
Range 
Specimens 
Body weight Mean 
(grams) Range 
Pelt weight Range 
(milligrams) Mean 
Per cent Mean 
pelt weight Range 
of total 
weight 
Number of Mean 
hair follicles Range 


per 2.25 sq. mm. 


Number of Mean 
hair follicles Cor- 
per sq. mm. rected 


Comparison of Mean 
mean pel: 


weights 

Between A and B 
Between C and D 
Between A and C 
Between B and D 
Between A and D 
Between B and C 


A 


Summer 
animals 


22.35-24.3* 
(16.5-32.5) 


75 


23.69 + .40 
(15.9-29.8) 


861 + 13 
(558-1133) 
3.63 
(2.47-5.01) 


238.9+2.9 
(160-292) 


106.2 


t value and 
probability 


8.55 
01 
0.77 
> 
4.17 
< 
1.25 
> 
6.38 


< 
1.80 


> 


B 
Winter Summer 
animals animals 

acclimated 
at low 
temperature 
0.0-10.0* 8.5 
(-20.0-20.0) ( 6.0-10.5 ) 
46 45 
23.34 .44 27.05 + .62 
(19.1-30.3)  (18.7-36.1) 
1049+ 18 984+ 3] 
(834-1315) (625-1395) 
4.31 3.64 
(3.18-5.41) (2.69-5.42) 
2 250.5 + 6.3 
(193-393 ) (185-357) 
122.2 111.3 
135.6 123.5 


Comparison of mean 
nvmber of hair fol- 
licles per 2.25 sq. 


mm 
Between A and B 
Between C and D 
Between A and C 
Between B and D 
Between A and D 
Between B and C 


D 
Winter 
animals 

acclimated 
at high 


temperature 


30.5 
(29.5-32.5) 


41 


30.89 = .99 
(18.1-44.9) 


1014+ 22 
(715-1353) 
3.28 


(2.46-5.33) 


240.3 + 6.9 
(171-327) 


106.7 
118.4 


: value and 
probabilit; 


< .0l 
1.09 
> 
1.88 
> 
3.48 
< 
0.22 
> .05 
2.59 
< 
5.38 


* Approximate temperatures to which mice were exposed under natural conditions 


prior to capture. 
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acclimation were not sufficiently similar, and the individual bairdii used were 
of more uniform genetic composition and laboratory-reared in contrast to 
noveboracensis which were trapped from wild populations. However, when the 
two species are compared it may be seen that bairdii tends to have a some- 
what greater pelage density than noveboracensis 1t both high and low tem- 
peratures. 

Because of difficulties involved in obtaining accurate measurements of hair 
length only a few measurements were made upon noveboracensis and bairdii 
(tabie 12. These measurements indicate that there is no appreciable difference 
ia length resulting from previous thermal experience. 


Since bairdii apparently has a somewhat denser pelage than noveboracen- 
sis, the question naturally arises as to what significance this may have in 
connection with the ecological and geographical distribution of these species. A 
denser pelage would be of advantage to an animal in resisting cold but would 
be disadvantageous to it in resisting high temperatures. Bairdii, which is re- 
stricted to the open prairie and grassland, i is subject to more extreme tempera- 
tures than noveboracensis, which is restricted to woodland, and might be 
enabled to tolerate the lower temperatures in its habitat during the winter 
better than noveboracensis. This would not explain, however, its absence in 
the woodland during either summer or winter. The more northward exten- 
sion of range of bairdit would be favored by a denser pelage conferring greater 
resistance to low temperatures. 


The increase and decrease in pelage density of both noveboracensis and 
bairdi in response to temperature changes is of definite importance in co7- 
nection with acclimation to seasonal temperature changes. The increase in 
pelage density in response to cold enables both species to tolerate lower tem- 
peratures during winter and late autumn than would be possible without such 
an adjustment. The decrease in pelage density in response to high temperatures 
likewise enables these species to tolerate higher temperatures during the sum- 
mer months by effecting a more rapid transfer of surplus body heat to 
the environment. Although the rapidity with which these pelage changes take 
place has not been definitely established, the data for bairdii suggest that they 
may occur within the space of a month or less. 

The only previous study showing seasonal differences in pelage density of 
Peromyscus is that of Huestis (1931) who found that summer pelages of 
P. m. rubidus had fewer hairs of all types than. winter ones. 

Hair Growth—The time necessary to achieve regrowth of pelage in 
noveboracensis and bairdii, as well as the influence of temperature upon the 
rate of hair growth, was determined by exposing shaved mice to low, interme- 
diate, and high air temperatures and observing the mice daily until regrowth 
of pelage was completed (tables 13, 14). 

After shaving, the skin of the mice had a grayish-white color suffused 
with a fairt pink. The first visible hair growth was evidenced by the appear- 
ance of a fine stubble giving the skin a more gravish appearance. Shortly after 
the appearance of this stubble the skin became bluish-gray in color and rapid 
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Tas_eE 11.—Comparison of pelage measurements of P. m. bairdii 
acclimated at different environmental temperatures 


Measurement 

Temperature Mean 
Range 

Specimens 

Body weight Mean 
(grams) Range 

Pelt weight Mean 

(milligrams ) Range 

Per cent 

pelt weight Mean 

of total Range 

weight 

Number of 

hair follicles © Mean 

per 2.25 Range 

sq. mm. 

Number of Mean 

hair follicles  Cor- 

per sq. mm. rected 


Comparison of mean 
pelt weights 


Between A and B 
Between C and D 
Between A and C 
Between B and D 


Between A and D 


Between B and C 


A 
Acclimated 
at summer 

temperatures 
outdoors 


24.8 
(8.9-35.6) 


16 


16.29 = .07 
(14.0-24.6) 


65115 
(501-792) 


4.00 
(2.58-5.66) 


265.6=7.9 
(234-345) 


118.2 


t value and 
probability 


7.95 
< 
1.37 
> 05 
5.46 
< Ol 
3.95 
< 
3.27 
< Ol 
2.75 


< 


B 
Acclimated Acclimated 
at winter at low 

temperatures indoor 
outdoors temperatures 
0.6 8.5 
(-13.3-21.1)  (6.0-10.5) 
16 12 
18.94 + .44 17.14+.40 
(15.3-22.7) (15.4-19.2) 
993 +40 842+ 36 
(752-1228) (713-1112) 
5.24 4.84 
(3.97-7.02) (4.37-5.79) 
272.7 £ 8.3 309.2+ 13.6 
(216-339) (256-402 ) 
121.2 137.4 
134.5 152.5 


Comparison of mean 
number of hair folli- 
cles per 2.25 sq. mm. 


Between A and B 
Between C and D 
Between A and C 
Between B and D 
Between A and D 
Between B and C 


D 
Acclimated 
at high 


indoor 


temperatures 


30.5 
(29.5-32.5) 


12 


15.48.52 
(12.7-18.7) 


77237 
(592-969 


4.99 
(4.40-6.44) 


245.3 11.4 


(203-322) 


109.0 
121.0 


t value and 
probability 


0.62 
> 05 
3.59 
< Ol 
2.93 
< 
1.99 
> .05 
1.51 
> 05 
2.40 
> .02 
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TABLE 12.—Comparison of hair length of P. /. noveboracensis and P. m. bairdii 


acclimated at different environmental temperatures 


noveboracensis bairdi 
Summer Winter Acclimated Acclimated 
Measurement animals animals at summer at winter 


temperatures temperatures 


Number of pelts 10 10 5 5 


Mean length of 
guard hair in mm. 8.98 9.06 9.02 8.94 
Mean length of 
underfur in mm. 6.59 6.48 6.62 6.57 
TaBLe 13.—Comparison of rate of regrowth of pelage hair of shaved P. /. novebora- 
censis exposed to different ranges of air temperature 
Air temperature (°C.) 
6.0-10.5 19.5-21.5 29.5325 


Male: Females Males Females 


Males Females 

Animal 
number l 2 la* 2a 3 4 3a 4a 5 6 Sa 6a 
Onset of 
regrowth 4 4 + 4 5 5 5 5 5 5 5 5 

(days) 
Appearance of 
black pigmen- 


tation in skin 8 8 8 8 8 8 8 8 8 8 8 8 
(days) 


Appearance of 

yellow-banded 

portion of 

guard hairs 12 ‘12 12 12 2 mR 
(days) 


Regrowth 
completed Db & 20 20 26 26 25 26 
(days) 


* Female gave birth to litter on day of completion of hair growth. 
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TABLE 14.—Comparison of rate of regrowth of pelage hair of shaved P. m. bairdii 
exposed to different ranges of air temperature 

Air temperature (°C.) 
6.0-10.5 19.5-21.5 _ 29. 5- 32. 5 
Male Female Male Female Male Female 
Onset of 
regrowth > 4 bs 4 5 4 
(days) 
Appearance of 
black pigmenta- 
tation of skin 6 5 6 5 6 5 
_ (days) ) 
“ 
yellow-banded 
portion of 
guard hairs 12 10 12 10 12 10 
(days) 
Regrowth 
completed 23 22 21 20 22 21 
(days) 


ly darkened as the black tips of the guard hairs and the black overhairs made 
their appearance. The area of regrowth next assumed a yellowish cast as the 
yellow-banded portion of the guard hairs appeared. A distinct line of demarca- 
tion between the old and new pelage was formed by the proximal black- 
banded portion of the guard hairs and underfur, and this line was gradually 
narrowed with the continued growth of the new hair. The criteria for complete 
regrowth was the complete disappearance of this band between the old and new 
pelage, the two becoming indistinguishable from each other except for a 
slightly darker cast to the new pelage in a few cases. 


The onset of regrowth occurred in about the same length of time in both 
species and did not appear to be influenced to any extent by air temperature 
Pigmentation of the skin occurred more rapidly in bairdit than noveboracen- 
sis, although there was no decided difference, except for female bairdii, in the 
time of appearance of the yellow-banded portion of the guard hairs. The 
noveboracensis took from two to five days longer to achieve complete regrowth 
of hair than bairdii, except at the intermediate range of temperature. 


Sexual differences in rate of hair growth were not apparent for novebora- 
censis but were evident in bairdii, males having a consistently slower rate of 
regrowth at all temperatures. 


If acclimation of small mammals at low temperature involves an altera- 
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tion in the thickness or density of the pelage, the rate of acclimation may then 
depend in part upon the rate of replacement or growth of hair. Whether rate 
of hair growth is influenced directly by external temperatures or is independ- 
ent of them is still a controversial point. According to some investigators 
(Eaton and Eaton, 1937) temperature alone affects the rate of hair growth, 
while others (Dawson, 1933; Hu and Frazier, 1940) produce evidence for an 
intermediary endocrine influence on rate. The results of this study indicate 
that temperature may be influential in altering the rate of hair growth and 
that this influence may be modified to some extent by gonadotropic influences. 


WEIGHT CHANGES 


An extensive literature has developed concerning the weights of different 
species of mammals and birds. Most cf the measurements for mammals have 
beer mae either to determine the average weight of a species or with the 
object of using weight <s an age criteria. However, comparatively little atten- 
tion has been directed toward the specific role which temperature may play 
in the process of weight regulation. 

Temperature may exert a selective effect on the weight of either the 
same or different species of mammals and birds. This is well illustrated by 
the familiar “Bergman’s Rule.” According to Calhoun (1947) the first in- 
troduced colonies of the English sparrow in the United States were smaller 
than the average at the present time. In relation to the greater survival value 
associated with larger size it was found that a gradient in size among spar- 
rows occurred in which the sparrows in each of four progressively colder 
zones were progressively larger. This gradient in size is presumed to be the 
result of selection cue to severe weather. Other examples among birds and 


mammals are cited by Hesse, Allee and Schmidt (1937). 


Little specific information is extant in the literature pertaining to a size 
gradient among different species of deer mice going from the northward to 
the southward limits of their ranges. 


Chew (1948) found a positive correlation between fluctuations in body 
weight and daily food intake for noveboracensis, a slight correlation between 
food and water intakes. and a lack of correlation tetween fluctuations of body 
weight and water drunk. On the other hand, Schwabe, Emery and Griffith 
(1938) found that prolonced exposure of rats to low temperature retarded 
gain in weight. Daily fluctuations in weight due to alimentation may also 
be considerable for some species. Chevillard (1935) found that in white 
mice daily weight variations due to alimentation amounted to from 6-12% 
of the total weight. 


METHODS AND MATERIALS 


All of the animals were weighed in a small hardware cloth cage upon a 
triple beam balance sensitive to 0.1 gram. Weights of summer and winter 
individuals of noveboracensis were recorded shortly after bringing them into 
the laboratory from the field, while acclimated individuals were weighed after 
30 days exposure to either high or low temperature. Traps in which the 
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animals were captured were at all times furnished with an adequate supply 
of food and in periods of cold weather were provided with additional pro- 
tection in the form of a nest box containing cotton-tow nesting material. Any 
changes in weight due to overnight exposure in the traps is believed to be 
small and would not seriously affect any observable trends in weight for 
different seasons of the year, since the maximum period of exposure in the 
traps was approximately equal for all animals. 


Winter animals were arbitrarily considered to be those which were cap- 
tured in the period from November 15 to March 1 inclusive and summer 
animals in the period from June 15 to September 15 inclusive. Weights of 
individuals recorded that did not fall within these periods are included in 
monthly averages covering th: entire period of trapping. A number of winter 
animais were weighed both before and after acclimation. Weights of these 
winter animals prior to acclimation are included in the winter averages. 
Weights of bairdii were all recorded after six week periods of acclimation 
at prevailing outdoor temperatures during winter and summer and after 30 
day periods of acclimation at constant high or low temperatures in the labo- 
ratory. 

EXPERIMENTS 


The difference in mean weight of all freshly caught winter as contrasted 
to summer noveboracensis was not statistically significant (table 15), al- 
though the winter animals averaged 3.68% heavier than summer animals. 


Likewise, no significant difference was found between the mean weight of 
summer animals acclimated at low temperature and winter animals accli- 
mated at high temperature. Winter animals acclimated at high temperature 
averaged 8.10% heavier than summer animals acclimated at low temperature. 


Summer and winter noveboracensis acclimated at low and high tempera- 
tures indoors for 30 days were very significantly heavier than freshly caught 
summer and winter animals. Control experiments (table 7) have demonstrated 
that the pronounced weight gains of animals acclimated in captivity at dif- 
ferent temperatures are due largely to better nutrition coupled with less 
activity when confined in cages than under natural conditions. The effect 
of air temperature upon the body weight of noveboracensis kept in confine- 
ment appears to be secondary to that of nutritional effects, while the influ- 
ence of licht may account fer sexual differences in weight. 


No pronounced sexual dimorphism in weight was evident for nove- 
boracensis, although males in nearly ali cases tended to averase somewhat 
heavier than no1-pregnant and nor-lactating females. None of the females 
taken during the winter was preg-ant, although 10 of 43 females, 
or approximately 25%, taken in summer proved to be pregnant (table 15). 
Peak weights of females taken in summer were in nearly all instances animals 
near term. As females apparently do not increase appreciably in weight until 
about the last week or 10 days of preznancy, as determized from regular 
weighings cf pregnant females in food consumpticn experiments, exclusion 
of pregnant females did not significantly change the averate weight of all 
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TaBLe 15.—Comparison of body weights of P. |. noveboracensis trapped from 


Summer 


animals 


Winter 


animals 


Summer ani- 
mals _accli- 
mated at 


6.0-10.5°C. 


Winter ani- 
mals accli- 
mated at 
29.5-32.5°C. 


wild populations in the vicinity of Champaign—Urbana, Illinois 


Sex 


Males 


Females 


All 


Males 
Females 


All 


Males 
Females 


All 


Males 
Females 


All 


Comparison of mean weights 


Number Mean 


of 


weight* * 


records (grams) 


Between summer and winter animals 


Between summer animals acclimated 
at 6.0-10.5°C. and winter animals 


Between summer animals and winter 
animals acclimated at 29.5-32.5°C. 


Between summer animals and summer 
animals acclimated at 6.0-10.5°C. 


Between winter animals and winter 
animals acclimated at 29.5—32.5°C. 


Between winter animals and summer 


animals acclimated at 6.0—10.5°C. 


*Excluding pregnant females. 
** Plus or minus one standard error of the mean of all measurements. 


23.82 
23.43 
22.91 
23.62 + .36 


24.85 
24.01 
24.49 = .34 


26.90 


27.05 + .62 


30.67 
29.24 = 97 


t value 


1.74 


1.87 


6.39 


5-12 


3.79 


3.88 


Range 


(18.8-29.8) 
(15.9-33.6) 
(15.9-29.8) 
(15.9-33.6) 


(18.4-33.3) 
(16.9-33.2) 
(16.9-33.3) 


(18.7-36.1) 
(20.3-34.5) 
(18.7-36.1) 


(18.1-44.9) 
(18.6-41.1) 
(18.1-44.9) 


Standard 
deviation 


(s) 


4.14 


6.84 


Probability 


.05 


05 


01 


01 


290 
|| 
| 
|| 42 
43 
33% 
|_| 85 3.35 
63 
48 
111 3.55 
24 
|__| 45 | 
27 
23 
|__| 50 | 
= 
in 
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summer females, since approximately 75% of the pregnant females were 
in the initial stages of pregnancy with embryos ranging from 2-6 mm. in 
length. Of the 21 summer females acclimated at low temperatures four gave 

j birth to litters during the first week of acclimation. No further pregnancies 


occurred among this group since males and females were confined in sepa- 
rate cages. As the body weight of female mice returns to normal fairly soon 
after parturition, upon removal of the litter, the four females were not 
excluded when determining the mean weight for this group. 


A total of 35 winter noveboracensis taken during mid-January which 
were weighed before being acclimated for 30 days at high temperature under- 
went an increase in weight of about 40% (table 16). Males underwent 
about a 10% greater increase in weight than females. It is of interest to note 
that the mean weight of these 35 animals, before acclimation, was about two 
grams less than the average for all of the winter animals combined. Since 
approximately a third of the animals included in the winter measurements 
were taken during the latter part of November and the first half of January 
and the remainder from mid-January to the first of March, this would imply 
that animals taken during the early and late winter months are heavier 
than those taken during mid-winter. A breakdown by months indicates that 
such may actually be the case. Fourteen animals taker in the first half of 

- November had a mean weight of 26.93 grams; 29 animals taken from mid- 
December to mid-January had a mean weight of 23.70 grams; 49 animals 
taken from mid-January to mid-February had a mean weight of 23.23 grams; 
and, 19 animals taken from mid-February to March 1 had a mean weight of 
27.06 grams. The effect of pregnancy or lactation on the mean weight may 
be safely disregarded as none of the females taken during this period showed 


TasLe 16.—Average body weights of P. /. noveboracensis before and after 
acclimation for 30 days in constant darkness at 29.5-32.5°C. 


Mean weight Mean weight 
Sex of before accli- ace before accli- Per cent 
cant mation mation increase 
(grams) (grams) in weight 
Males 20 22.89 = .59 33.03 1.51 44.31 
Females 15 22.28 +.87 30.19 1.17 35.52 


All 35 22.63 = .49 31.81 £1.05 40.60 
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either condition. Since all of the traps were provided with nest boxes and 
nesting material and were supplied with an excess of food, the influence of 
exposure to cold or insufficient food on the body weight is believed to be 
egligible. The possibility exists that animals may have actually gained 
weight in the traps because of inactivity coupled with a surplus food supply. 
Data from food consumption experiments, indicate, however, that gains in 
weight resulting from feeding seldom exceed a half gram over a 24 hour 
period, except in the case of pregnant females. Since the maximum time 
which any animal could have remained in the trap before it was next visited 
was about 14 hours, ary gain in weight occurring during this time would 


doubtless be small. 


The cata seem to indicate that an increase in weight takes place during 
autumn and early winter which is gradually lost during the colder part of the 
winter and then regained during late winter and early spring with the advent 
of the breeding season and warmer weather. Although the data are too 
few for the early and later part of the winter to draw any definite conclu- 
sions it would seem logical that there would be a heavier demand on the 
animal’s energy reserves of fat curing the midwinter period when tempeta- 
tures are lowest. 

Certain individuals seem able to maintain heavier weights than others dur- 
ing the mid-winter period. The fact that the 35 individual noveboracensis 
taken in mid-January (Jan. 12 to Jan. 18), at the time when average maxi- 
mum an? minimum temperatures were the lowest for the winter season. had 
the lowest mean weight (22.3 grams) of all winter animals taken indicates 
that temperature is the most probable cause for the decline in weight. 


However, the increase in the mean weight of noveboracensis durizg late 


winter possibly may be due to either a general gain in weight by all individ- 
uals or to the selective action of low temperature. Smaller individuals may have 
succum ed during the mid-winter period leaving the larger and heavier individ- 
uals, which are more resistant to low temperature, to comprise the major por- 
ticn of the late winter population. 

Monthly averages of body weights (table 17, fiz. 7) show that June and 
July weights are the lowest for the year. A trend toward increasing weights 
in autumn and early spring followed by declines in mid-winter and late 
spring is apparent from fig. 7. However, there are too few records for Sep- 
tember throuzh December and for March to justify any definite conclusions. 


The combined weight averages for both sexes during the months of 
March, April, and May may have been raised to some extent by the large 
number of pzezaant and lacating females during these months. However, the 
same general trends in weight occur for males, and many of the females were 
not far enough advanced in pretnancy to have undergone any considerable 
increase in weight so that the combined data show about the same yearly 
trends in weight as for male animals alone. 


The increase in weight of many of the winter animals acclimated at high 
temperature was so great as to cause many of them to become actually obese. 


1951 SEALANDER: TEMPERATURE EFFECTS ON PEROMYSCUS 293 


One male attained a weight of 44.9 grams in contrast to the maximum re- 
corded winter weight for freshly caught males of 33.3 grams and the mean 
winter weight of 24.85 grams for males. The weight of the winter male 
weighing 33.3 grams may have been influenced by an ample supply of un- 
shelled corn in a field adjacent to its place of capture. Many summer animals 
acclimated at low temperatures increased greatly in weight, as compared to 
averages for freshly caught summer animals, but the gains were proportion- 
ately not as gteat as for winter animals acclimated at high temperatures. 


The mean weight of summer animals acclimated at low temperature was 
14.5% greater than that of freshly caught summer animals, while the mean 
weight of winter animals acclimated at high temperature was 19.4% greater 
than that of freshly caught winter animals. 

The cause of weight increases resulting from acclimation in the laboratory 
appears to be due primarily to better nutrition and less activity than under 
natural conditions, with temperature and photoperiod playing a subordinate 
role. Winter animals with heavier pelage would have a greatly reduced meta- 
bolism at high temperatures. With an abundance of rich food, almost all of 
it would be converted to fat. Summer animals with thinner pelage would 
not undergo as rapid an increase in weight when placed at low temperature 
because their rate of metabolism will be higher. 

Males showed consistently larger gains in weight than females, indicat. 
ing that there may be a difference due to sex. Males subjected to a normal 
photoperiod out-of-doors did not undergo as great a weight increase as those 
wh'ch were kept in constant darkness. 


30 


29 


MEAN WEIGHT IN GRAMS 


SEPT. NOV. oEec. JAN Fes. MAR APR May JUNE vuur AUG. 


Fig. 7.—Fistogram showing trend of average monthly weights of 298 adult P. /. 
noveboracensis. Figures on bars represent the number of individuals in which averages 
are based. 
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TABLE 17.—Average weights of P. |. noveboracensis taken in 
the vicinity of Champaign—Urbana, IlIlinois 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


First half 
Last half 
Total 


Both Sexes 
Num- Average 
ber weight 

in grams 

6 2132 

4 25.85 
10 23.13 

7 26.92 

26.92 
14 26.93 
14 26.93 

> 25.00 

5 25.00 
24 23.43 
19 23.21 
43 23.33 
30 23.26 
7 26.84 
37 23.94 
12 27.29 

4 29.23 
16 27.78 
18 24.39 
13 24.26 
31 24.34 
16 24.17 
14 23.81 
30 24.00 
14 23.83 
12 22.14 
26 22.92 
22.94 
27 22.87 
52 22.91 
27 25.51 


Males 
Num- Average 
ber _—_—weight 

in grams 
3 22.78 
2 26.90 
5 24.42 
4 26.80 
4 26.80 
8 27.39 
27.32 
2-23.45 
2-23.45 
13 23.88 
9 23.45 
22 23.70 
22 24.20 
7 26.84 
29 24.83 
2 29.20 
29.20 
9 22.96 
6 23.68 
15 23.25 
20.50 
8 22.64 
15 21.64 
8 22.56 
8 21.73 
16 
15 23.08 
10 
25 22.96 
14 25.56 


Num- Average 


ber 


Females 


weight 
In grams 


19.78 
24.80 
21.84 


27.10 


27.10 


w 
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— 
3 
5 
3 
3 
6 26.37 
6 26.37 
3 26.03 
3 26.03 
11 22.89 
10 23.00 
21 22.94 
8 20.68 
= 
8 20.68 
10 26.91 
4 29.22 
14 27.57 
9 25.83 | 
— 7 24.76 
16 25.36 
9 27.02 
May 6 25.38 
15 26.37 
6 24.95 
4 22.98 
10 24.17 
10 23 
| 17 92 
27 85 
13 
27 25.51 14 25.56 13 25.46 
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The data on weight changes of bairdii in relation to temperature must 
be considered from a somewhat different standpoint, since all of the animals 
used in these experiments were reared in the laboratory at temperatures 
ranging from about 22-26°C. and in almost constant darkness before being 
acclimated at high or low temperatures. All animals were between five and six 
months old before being used for experiments. As the number of animals 
used was in all cases rather small, the probability of significant results being 
due to chance variation is much greater. 

Two groups of 16 mice each were acclimated at outdoor temperatures 
during winter and summer. During this time the cages, in which the animals 
were confined, were covered so as to keep them in almost constant darkness. 
The groups acclimated at outdoor summer temperatures (8.9-35.6°C.) and 
outdoor winter temperatures (-13.3-21.1°C.) were exposed for a period of six 
weeks. 

A statistically significant difference in weight of the animals acclimated 
at winter and summer temperatures was found (table 18). Winter acclimated 
animals averaged about 2.5 grams heavier than summer acclimated animals. 
Both males and females exposed to outdoor winter temperatures averaged 
heavier in weight than males and females exposed to outdoor summer temper- 
atures. Likewise, both groups were maintained in constant darkness and were 
equally well supplied with food, so the difference cannot be attributed to 
differences in the nutritional state or to the length of the photoperiod. This 
leaves temperature as the major factor responsible for the weight difference. 
The exact manner in which temperature exerts its influence is unknown. Since 
all animals were initially subjected to the same conditions, any prior influ- 
ence of temperature or other factors upon weight after subjection to new 
temperature conditions would tend to be mitigated. 


A parallel difference in weight was found between two groups of 12 
animals, each of which were acclimated in the laboratory at high and low 
temperatures which varied within a limited range. Those acclimated at low 
temperature became significantly heavier than those acclimated at high tem- 
perature, and these differences, as before were apparent for both sexes (table 
18). A seeming disparity is encountered in that animals acclimated at sum- 
mer temperatures outdoors did not differ significantly in weight from those 
acclimated at low temperatures indoors. This might be explained on the 
basis of chance variation alone, due to the small number of animals involved, 
or could be the result of the greater daily variation of temperature out-of- 
dcors. Temperatures indoors ranged from 60-10.5°C., while night time tem 
peratures outdoors of 10°C. or below during summer were common. The 
low night time temperatures in summer may have stimulated weight in- 
creases in these nocturnal animals kept out-of-doors in spite of higher mid- 
day temperatures when they are inactive. The significantly greater weight 
of animals acclimated at outdoor winter temperatures, as opposed to those 
acclimated at low indoor temperatures, likewise might be explained by the 
ae temperatures, down to -13.3°C., endured by animals exposed out-of- 
oors. 
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TaBLe 18.—-Comparison of body weights of P. m. bairdii reared from birth in the 
laboratory and acclimated at different air temperatures 


Number Mean Standard 
of weight* Range deviation 
records (grams) (s) 
Acclimated at 17.25 (16.1-19.9) 
summer temper- 15.97 (14.0-24.6) 
atures outdoors 16.29 = .67 (14.0-24.6) 
24.8°C. 
(8.9-35.6°C.) 
Acclimated at Males 19.70 (17.4-22.7) 
winter temper- Females 18.49 (15.3-20.4) 
atures outdoors All 18.94 .44 (15.3-22.7) 
0.6°C. 
(-13.3-21.1°C.) 


Acclimated at Males 17.57 (15.4-19.2) 
6.0-10.5°C. Females 6 16.72 (15.7-18.5) 
All 17.14=.40 (15.4-19.2) 


Acclimated at Males 15.58 (14.3-17.0) 
29.:5-32.5°C. Females 15.38 (12.7-18.7 ) 
All 15.48.52 (12.7.-18.7 ) 1.80 


Comparison of mean weights t value Probability 


Between animals acclimated at summer 

and winter temperatures outdoors 3.31 01 
Between animals acclimated at 

6.0-10.5°C. and at 29.5-32.5°C. .02 
Between animals acclimated at summer 

temperatures outdoors and at 6.0-10.5°C. 
Between animals acclimated at winter 

temperatures outdoors and at 29.5-32.5°C. E < Bi 
Between animals acclimated at summer 

temperatures outdoors and at 29.5—32.5°C. 05 


Between animals acclimated at winter 


temperatures outdoors and at 6.0-10.5°C. : 01 


* Plus or minus one standard error of the mean of all measurements. 


1.39 
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Fat DEposITION AND UTILIZATION 


Among the larger mammals it is a matter of common observation that 
increased fat deposition occurs during the late autumn and early winter 
months, but there is a general dearth of information concerning seasonal fat 
deposition among the smaller mammals and in relation to reproductive cycles. 


Since it is well known that hypothyroidism is accompanied by obesity, it 
has long been thought that the thyroid hormone is in some way concerned 
with fat mobilization and depositicn. The more recent viewpoint (Wertheimer 
and Shapiro, 1948) is that the influence of thyroxin on fat tissue is mainly 
due to a generally accelerated metabolism. 

The exact manner in which the animal’s depot fats are mobilized under 
normal conditions or during fasting or starvation is still not well known. It 
has commonly been thought for a long time that in the oxidation of fats 
some oxidation of sugars must take place at the same time, and that when 
the carbohydrates are exhausted fats are no longer fully utilized by the ani- 
mal. The present point of view (Harrow, 1946) is that the liver utilizes the 
carbohydrates for metabolic purposes but when they are absent, or present in 
insufficient amounts, this organ is forced to use other metabolites which pro- 
duce excessive quantities of acetone bodies. Accordingly, the carbohydrates 
inhibit ketosis, not through increased utilization of acetone bodies, but by hold- 
ing the production of these bodies down to a minimum. This viewpoint is not 
altogether without opposition. 

Many investigators believe that fatty acids and proteins may be trans- 
formed into carbohydrates to prevent severe ketosis and aid in the burning of 
fats. It is reported by Everett (1942: 235) that the mobile carbohydrate 
stores in humans become exhausted on the second or third day of complete 
starvation, energy being derived thereafter chiefly from the oxidation of 
stored fat and tissue protein. It is said that carbohydrate continues to be 
formed from protein in sufficient amounts to prevent a severe ketosis in the 
starving animal. This glyconeogenesis is also instrumental in the prevention of 
hypoglycemic shock and allows the maintenance of limited levels of tissue 
glycogen. 

METHODS AND MATERIALS 

Index of Body Fat.—The relative amount cf visible fat remainiag at death 
was determined by adopting an arbitrary scale in which index numbers were 
used to designate different relative concentrations of fat. These index numbers 
ranged from 0 to 4. 0 was used to designate the absence of visible or gross- 
ly detectable fat; 1, a sight amount of subcutaneous fat, chiefly in the inguinal 
and perianal regions; 2, a small amount of subcutaneous fat present in the 
inguinal, perianal and pectoral regions; 3, both subcutazeous and visceral 
fat (perirenal, gonadal and mesenteric) present in substantial amcunts; and 4, 
large amounts of subcutaneous and visceral fat present. 

An index of body fat present at death was assigned to all animals which 
were used for determination of survival time at high and low air temper- 
atures. 
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Determination of per cent body fat—The method for determining total 
body fat, though admittedly crude, is felt to be sufficiently reliable 
for comparative purposes between summer and winter animals. The body 
weights of freshly killed animals, recently trapped, was first determined. The 
animals were then oven dried at 95-98°C. for 72 hours after which they were 
placed in a dessicator and brought to a constant weight. The dry weight was 
recorded and each animal was then comminuted as finely as possible and the 
dry remains extracted for 48 hours with benzene. The benzene containing the 
dissolved fats was then extracted by filtering under moderate suction into a 
500 ml. eclenmeyer suction flask after which the residue was washed and 
filtered several times with fresh ether and then dried and weighed. The dif- 
ference in weight between the dried remains before and after extraction thus 
represents the weight ot fat extracted. The per cent body fat was calculated 
from the weight loss as per cent of dry weight and per cent of wet weight. A 
correction of 20% (increase) was applied to the dry weight of fat extracted 
when determining the net weight represented by fat. Most authorities (Best 
and Taylor, 1945; Brody, 1945; Harrow, 1946.) give the water content of 
adipose tissue as ranging from 6-20%, with 20% as the most common value. 

The writer is cognizant of several possible sources of error in the method 
of determination of total fat content, such as oxidation of some of the fats 
during the drying process, evaporation of some of the more volatile oils, and 
incomplete extraction of all fat from the tissues. However, since these errors 
would be expected to be constant for both summer and winter animals the 
results are considered valid as a means of comparison of relative amounts of 
total body fat. 

Determination of melting and solidification points of subcutaneous fat.— 
The me'ting point of the subcutaneous body fat was determined in the con- 
ventional manner described in chemistry textbooks. The fat was drawn into 
an open capillary tube one end of which was then fused with a bunsen burner. 
This tube was then attached to the thermometer by means of a rubber band 
in such a way that the bottom of the fat column was on a level with the bulb 
of the thermometer. The bulb of the thermometer was then immersed in water 
in a Thiele-Dennison melting point tube with the upper end of the melt- 
ing point capillary above the surface of the water. Gentle heat was then ap- 
plied and the temperature at which the fat began to melt was noted. This 
was indicated by an initial transparency. In or‘er to determine this point 
most efficiently a strong side light with a dark background was used. In cases 
where all of the fat did not liquify when this point was reached, the tempera- 
ture was raised gradually. The point of final melting was then taken as the 
upper limit of the melting range. 

Because natural fats are never pure substances but consist of mixtures of 
different triglycerides together with free fatty acids and other lipid substances 
a sharp melting point was never obtained. Instead of a definite melting point 
the natural fats have a certain melting range the upper limit of which (the 
lowest temperature at which all of the fat is liquid) is often called the melt- 
ing point (Schmidt-Nielsen, 1946; Bailey et al., 1941). 
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In some cases a part of the subcutaneous fat was liquid at room tempera- 
tures of 18-22°C. The lower limit of the melting point range was then de- 
termined by cooling the fat gradually below room temperature. The point 
at which the fat became cloudy and began to solidify was taken as the lower 
limit of the melting range. 


The solidification point was determined by melting all the fat and then 
gradually cooling it. The temperature at which cloudiness and solidification 
of the fat occurred was taken as the solidification point. This was in some 
cases below the lower limit of the melting point range, due perhaps to some 
unknown chemical reaction, an4 was always well below the upper limit. This 
lowering of the melting point as the result of liquifaction of the fat has never 
been satisfactorily explained but is presumed by most authorities to be due 
to the more thorough mixture of the lower melting point fats with the high 
melting point fats, resulting in a melting point which is usually between but 
in some cases below the melting points of the pure components, depending 
upon the ratio of the different melting point fats making up the mixture. 


EXPERIMENTS 


The inability of noveboracensis to use more than a small part of their 
reserve supply of fat at very low and very high temperatures is shown by a 
comparison of the relative amount of body fat remaining after death at dif- 
ferent air temperatures (table 19). The maximum index values for body 
fat were from animals subjected to either very high or very low temperatures 
with a tendency for index values to decrease gradually to near 0 at the opzi- 
mum temperature where the utilization of fat reserves was maximum. Below 
the optimum temperature gradually decreasing index values with successively 
higher air temperatures indicates an increasingly greater utilization of body 
fat, while above the optimum increasing values indicate a decreasin3 utilization 
of fat with increasing increments of temperature above the optimum. A 
roughly inverse correlation exists between these values and the survival time 
at different air temperatures, indicating that the per cent of energy reserves 
in the form of fat together with its rate of utilization at different tempera- 
tures is probably the major cause for differences in survival time of animal! 
acclimated at different air temperatures. 


From a study of the disposition of body fat remaining in specimens of 
noveboracensis after death at differext air temperatures, the probable order 
of utilization of the total body fat in the starving mouse is as follows: 
1) mesenteric, perirenal, and gonadal (visceral) fat, 2) subcutaneous fat 
in the pectoral and scapular rezions, and 3) subcutaneous fat in the perianal 
and pelvic regions. At extremely low temperature little or no fat appeared 
to be utilized, both visceral and subcutaneous fat being present in subs:antial 
amounts. At somewhat higher temperatures, in the neighborhood of -20°C, 
the visceral fat was completely used up by some individuals, but the sub- 
cutaneous fat remained essentially intact. With increasingly high temperatures 
a progressive disappearance of subcutaneous fat was noted, first from the 
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pectoral and scapular regicns and lastly from the pelvic and perianal regions. 
At the optimum temperature little or no visible fat remained at death in most 
individuals. 

The total fat content of winter as contrasted to summer noveboracensis 
was found to be greater both absolutely and relatively in terms of per cent 
of body weight (table 20). This confirms the conclusion that the increase 
in weight of winter over summer animals is largely in the form of fat. The 
winter animals entering into the determinations were taken in the last half 
of February, while the summer animals were taken during the first half of 
September. 

Winter animal number 1 had a lower fat content and a higher water 
content than any of the summer and winter animals. The reason for this is 
unknown. 

In connection with the determination of total fat content of summer 
and winter noveboracensis, it was also noted (table 20) that the percentage 
total water content of summer animals was higher than that of winter ani- 
mals. Although the absolute water content of winter animals was greater than 
for summer animals, the water content per gram body weight was less by a 
small amount. It thus appears that during the process of acclimation to low 
temperatures some dehydration of the tissues occurs. It is of advantage to the 
animal to lower the amount of freezable water in its tissues during winter 


TaBLeE 20.—Total fat and water content of summer and winter P. |. noveboracensis 


Animal Body Total water Weight Total fat content 


number weight content of of fat in per cent of 

(grams) animal (grams) Wert” Dry 

Grams Per weight weight 

cent of of 
animal animal 

corrected * 

1 ye | 16.3 73.8 0.5 271 8.62 

Winter 2 28.8 18.1 62.9 31 12.92 28.97 
animals 3 30.6 19.1 62.4 4 14.51 32.17 
(freshly 4+ 27.2 17.1 62.9 3.0 13.24 29.70 
caught ) 5 23.9 15.8 66.1 2.3 11.55 28.40 
6 29.3 18.4 62.8 3.7 15.15 33.94 

Mean 27.0 17.5 64.7 ye j 12.08 28.55 

] 23.8 16.1 67.7 0.8 4.03 10.39 

Summer 2 18.0 12.6 70.0 0.5 3.33 9.26 
animcls 3 23.4 16.2 70.1 0.7 3.63 11.29 
(freshly 4 17.7 68.9 0.8 3.73 10.00 
caught ) 5 18.8 13.0 69.2 0.6 3.82 10.34 
6 18.5 13.3 71.9 0.5 3.24 9.61 

Mean 21.3 14.8 69.5 0.7 3.66 10.00 


* Correction of 20% applied to weight of extracted fat to allow for normal water 
content of adipose tissue. 
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since there would thus be less chance of frostbite in exposed extremities. 
However, the differences found here which are small may not be great 
enough to be of significance. 

A number of determinations were made of the melting and solidification 
points of subcutaneous fat tissue of noveboracensis acclimated at different 
temperatures (table 21). Because many of the melting points were erratic, 
a modal melting point range is given which includes only the middle 50% 
of the determined values. It is felt that this represents the true meltin> 
point range more accurately than would the mean melting point range which 
would include some extreme values. Actually the differences tetween the 
modal range and the mean melting point range were not large enough to 
be of great importance. 


Melting points as high as 37°C. were obtained for summer animals, with 
none lower than 12°C., and as low as 9°C. for winter animals, with none 
higher than 24°C. A slight tendency was apparent for summer animals to 
have a higher melting point range than winter animals and for animals 
acclimated at high temperature to have a higher melting range than animals 
acclimated at low temperatures. The less pronounced difference between those 
animals subjected to constant temperatures in the laboratory was probably due 
to incomplete acclimation. The relative proportions of the different fats 
making up the subcutaneous fat tissue was not determined but some indica- 
tion that animals acclimated at higher temperatures have a greater propor- 
tion of high melting point fats is provided by the mean solidification point 
range. Heilbrun (1943: 427) cites a number of experiments to show that 
the fats and lipids of animals or plants raised in the cold have lower me'ting 


TaBLeE 21.—Melting and solidification points of subcutaneous fat of P. /. nove- 


boracensis in relation to previous thermal experience 


Summer Winte- Summer Winter 
animals animals animals animals 
Measurement (freshly (freshly acclimated acclimated 
caught ) caught ) at a 
6.0-10.5°C 29;3-325°C. 
Number of animals 8 10 10 22 
Extreme melting 
point range 12.0—37.0 9.0-24.0 10.0-29.0 9.5-36.5 
Modal melting 
point range* 15.0-25.0 10.0-23.0 12.0-24.0 12.0—25.0 
Mean solidifi- 
cation point 11.3 9.6 10.4 11.2 
Solidification 
point range 10.0-13.0 8.0-11.0 9.0-12.0 8.5-14.0 


* 50% of determinations. 
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points and when raised at higher temperatures have higher melting points. 


ain According to Best and Taylor (1945: 594) the fat deposited just beneath 
on the skin, in cold climates, contains a relatively large amount of oleic acid 
“samen and is therefore more liquid than the material which is found in the less 
nite superficial subcutaneous reserves. Henriques and Hanson are cited as point- 
50% ing out the fact that since the temperature of the outermost subcutaneous 
Pr eras fat is appreciably lower than that of the deeper parts, the body requires a 


more easily mobilizable and hence lower melting point fat at this place. 


which | 

1 the ' In view of the fact that noveboracensis surviving at extreme low air tem- 

th to peratures were able to utilize only a small portion of their subcutaneous fat 
reserves before death, it is of interest to know whether there may be any con- 
nection between the non-utilization of these fats at low air temperatures and 
the melting points of the subcutaneous fats. 

It was thought that hardening of the subcutaneous fat which possibly 
occurs at low air temperatures may have prevented the mobilization of these 
reserves by the animal. Some support for this assumption was provided by the 
observation that at moderately low air temperatures the visceral fat was ap- 
parently used up before the subcutaneous fat. 

However, it has been found (Sealander, 1949) that both subcutaneous 
and deep body temperatures of noveboracensis remain essentially unchanged 
at low air temperatures. The subcutaneous temperature remains very near 
to or above the melting point of even the highest melting point fats until 
severe hypothermia appears within an hour or two before death. Even in 
those animals deprived of food and water there was no appreciable lower- 
ing of the subcutaneous temperature, either gradually or stepwise, until about 
four or five hours before death, and temperatures low enough to cause harden- 
ing of the fat deposits did not occur until the last hour or two before death. 
This is in accord with the fact that weights of noveboracensis were lowest 
during the cold mid-winter period, if it is assumed that changes in weight 
are largely due to changes in the total fat content of the body. In the case 
of animals acclimated at high temperatures, which may have had a larger 
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proportion of fats with melting points above 35°C., it is possible that some 


hardening of subcutaneous fat may have occurred during the last few hours 
i before death, but subcutaneous temperatures were still not sufficiently low to 
interfere with utilization of the lower point fats. 
5.5 


DIscussION 


The problems involved in relating the ecological and geographical distribu- 
tion of small mammals to environmental factors have long engaged the at- 
tention of ecologists and mamalogists. Many theories of mamalian distribu- 
tion have been based upon food supply, soil type, vegetation, and favorable 
conditions for breeding (Dice, 1931; Hardy, 1945; Howell, 1924), while cli- 
matic factors such as temperature and humidity have often been regarded 
empirically as major determinants of a species range limits. 


These experiments have demonstrated that low temperatures during win- 
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ter may be a major limiting factor governing the northward distribution of 
small mammals, and this study has largely been concerned with the slow 
adjustments which small mammals make to pzo'onged changes in temperature 
that enable then to survive seasozal rhythms in temperature. 


The resistance of noveboracensis to low temperature whe. deprived of 
food and water was greater during winter than in summer, and there was a cor- 
respondingly decreased resistance to high temperature. The survival time of 
deer mice at different temperatures was largely a function of the amount of 
fat reserves and the rate at which they were utilized, and winter mice were 
found to possess greater reserves of fat than summer mice. Under natural 
conditions the autumn and early winter months may be favorable to mice for 
accumulation of fat reserves because of the more abundant mast crop at this 
time of year with its high fat and protein content. 


Winter noveboracensis were also heavier and had denser pelage than 
summer noveborazens's and these factors undoubtedly contributed to their 
increased survival time at low temperatures. 


The increased weight of winter animals seemed to be largely in the form of 
fat which was present in the largest amounts beneath the skin in the inter- 
scapular, pectoral, pelvic, and perianal regions. The precise mechanism bring- 
int about seasonal deposition of fat and accompanying increases in weight 
is not clear. The pronounce1 fat deposition in arctic mammals and birds 
suagests that temperature may be a major factor, while the regularity of fat 
Ceposition in autumn among different species of birds and mammals sug- 
gests that some constant environmental factor, such as the length of photo- 
period, may be involved. Changes in pelage density of mammals may also 
have an important influexce upon fat deposition. The pelage of a small mam- 
mal may increase in de=sity in autumn with the onset of colder weather and 
shorter days. With a heavier pelage the animal may be able to lower its meta- 
bolic rate by reason of the greater insulative properties of the pelage. In- 
creased feeding takes place at lower temperatures and when accompanied by 
longer nights for feeding, tozether with a reduced metabolism, more food 
mitht be converted into stored fat. Both the body weight and the insulative 
efficiency may thus be further increased. 


Little information exists regarding seasonal differences in weight of small 
mammals, although considerable data are available for some of the small 
passer:ne birds. Kendeigh (1934) found that English sparrows in winter are 
heavier than in summer, while Odum (1949) found that white-throated spar- 
rows increased in weight curing winter, a peak being reached in mid-winter, 
coincident with the coldest periods, and again in spring just prior to north- 
ward migration. 


Less in weight by increasing the surface area relative to the total mass 
of metabolizable tissue, permits the animal to lose heat more efficiently at 
high temperatures, and conversely, increases in weight enable the animal to 
reduce its rate of heat loss at low temperatures. This change in the surface 
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area: body weight ratio is of importance in connection with resistance to 
high and low temperatures. 

Increases in pelage density of small mammals in response to cold may be 
a relatively slow process, since a statistically significant increase in pelage 
density was not achieved in noveboracensis after 30 days at low temperature, 
although the increases which took place were probably significant from the 
standpoint of reducing heat loss to the environment. On the other hand 
there is some evidence in noveboracensis and bairdii that loss of hair in 
response to high temperature may be more rapid. Other workers have observed 
the effect of high and low temperatures upon the pelage density of mammals. 
Mayer and Nichita (1929a, 1929b) found that the fur of rabbits became 
longer and denser during periods of cold and shorter and thinner when 
exposed to high temperatures. These changes took place in a period of 25 
days. Sumner (1909, 1915) reared different groups of white mice at high and 
low temperatures over long periods of time ard found that those mice 
which were exposed to cold had appreciably greater quantities of hair by 
weight, both absolutely and relatively (allowing for dimensions of the ani- 
mal), than mice which were exposed to heat. 


Acclimation of small mammals to low temperature appears to be accom- 
plished largely through increases in pelage density, amount of reserve fat, and 
increased appetite, the reverse being true for acclimation to high temperatures. 
By means of these adjustments the animal is able to achieve toleration to 
changes in temperature occuring with the seasons. When temperatures change 
too rapidly to allow for acclimation, behavior adjustments may provide the 
additional margin of tolerance needed. Behavior adjustments may also enable 
a species to live in or extend its range into areas where physiological toleration 
alone is insufficient for insuring survival. Thus in northern parts of the coun- 
try where extreme low temperatures often occur during winter, a small mam- 
mal may be unable to achieve a sufficiently dense pelage or to ingest sufficient 
food to exist and maintain normal body temperatures unless it can obtain 
additional protection by huddling with other individuals or by retiring into 
warm nests or burrows when outside temperatures become excessively low. 
Howard (1949) reports that unfavorable weather together with shortace of 
food contributed to winter mortality of prairie deer mice in southern Michi- 
gan. He found prairie deer mice dead in nest boxes following cold 
waves in March which had apparently died of starvation. In one instance of 
three dead mice found curled together in a nest huddling was apparently in- 
effective against low temperature. 

The tolerance of bairdii to low temperaturees was shown to be greater than 
that of noveboracensis, although this may have been due in some cases to 
better nutrition. However, when maintained under caged conditions and sub- 
jected to the same diet, temperature, and photoperiod over a period of four 
weeks, bairdii tolerated progressively lowered air temperature better than 
noveboracensis (Sealander, 1949). It may be noted (fig. 1) that the north- 
ern range limits of the two species show a corresponding difference, bairdii 
ranging further north where temperatures are lower in winter. Many of the 
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northern states and parts of Canada into which it ranges have outdoor 
temperatures of -30°C. and lower (Visher, 1944) which sometimes last for 
several days. Average January isotherms show that the northern limits of 
the ranges of noveboracensis and bairdii are correlated with average winter 
temperatures of around -12° and -21°C. respectively. Actually, daily minimum 
temperatures may be more critical and limiting if repeated for several days 
than is the average temperature. If average temperatures only at the northern 
limits of each species range are compared it would appear that there may be 
as much as 9°C. difference in toleration of low temperatures by these two 
species. 

The effect of high and low temperatures on population levels of small 
mammals under natural conditions has been little investigated. Where be- 
havior adjustments enable a species to avoid extreme temperatures beyond 
the normal limits of its physiological tolerance, little mortality due to temper- 
ature alone is to be expected. However, if low temperatures are combined with 
a scarcity of food, temperatures of around -25° to -30°C. may become criti- 
cal for noveboracensis and bairdii even though shelter is available. With am- 
ple food Howard (1949) found that noveboracensis when placed outdoors 
without nesting material or protection from winds and snow during February 
and March tolerated low temperature for over a month with no ill effects 
even though they were exposed to many below-freezing winds and the tem- 
perature dropped to 6°F. one night. The writer has found that most mice 
tolerate short periods of a day or so reasonably well at extreme low tem- 
peratures and undergo quick recovery but it may be possible that longer 
periods at such temperatures with or without food may contribute to winter 
mortality. 

SUMMARY 


When without food or water, winter Peromyscus leucopus noveboracensis 
survived longer than summer noveboracensi: in the range of temperature fron 
-35° to 35°C., while summer animals survived longer at 40° and 50°C. The 
length of survival was directly correlated with the amount cf weight lost 
before death. The hourly rate of weight loss varied inversely with the 
survival time, being lowest at the optimum temperature. At very low tempera- 
tures neither summer nor winter animals were able to utilize more than a smali 
portion of their surplus weight. Over the range of temperature below and 
including the optimum temperature for survival, heavier individuals sur- 
vived longer at any given temperature. Above the optimum the reverse held 
true. The longer survivals of heavy individuals were associated with in- 
creased deposits of fat. Heavy animals were able to lose more weight before 
death than lighter animals when the previous thermal experience was the 
same, except at temperatures above the optimum. 


Acclimation of winter and summer noveboracensis at high and low tem- 
peratures respectively brought about large weight increases which were re- 
sponsible for great increases in survival time over freshly caught animals in 
the range of temperature from 0° to 30°C. In the range of temperature from 
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35° to 0°C. summer animals acclimated at low temperature survived longer 
than winter animals acclimated at high temperature. Summer and winter 
animals acclimated at low and high temperatures lost the most weight before 
death at 29° and 20°C. which were the respective optimum survival tempera- 
tures. The relations between body weight and survival time were the same as 
for summer and winter animals. 


Laboratory-bred and -reared Peromyscus manicu!atus bairdii acclimated 
at low temperatures survived longer at -20°C. than animals acclimated at 
high temperatures. At 20°C. animals acclimated at high temperatures survived 
longer, while no decided differences were apparent at 35°C. At 40°C. animals 
acclimated at winter temperatures outdoors had about a 50% lower survival 
time as compared to animals acclimated at summer temperatures outdoors. 
No differences were evident for animals acclimated at high and low tempera- 
tures indoors. 


On the basis of hair follicle counts, it was shown that the pelage of nove- 
boracensis was denser in winter than in summer. The difference was statisti- 
cally significant. Summer animals acclimated at low temperature showed a 
small but not statistically significant increase in pelage density as compared 
to freshly caught summer animals. Winter animals acclimated at high tem- 
peratures underwent a statistically significant decrease in pelage density as 
compared to freshly caught winter animals. 


The pelage of bairdii acclimated for six weeks at outdoor winter tempera- 
tures was denser than that of animals acclimated for the same length of 
time at outdoor summer temperatures but the difference was not statistically 
significant. The pelage of bairdii acclimated at low temperatures indoors was 
significantly denser than that of animals acclimated at high temperatures in- 
doors. 


Regrowth of pelage in shaved noveboracensis and bairdii took place in 
20-26 days. Regrowth was most rapid for both species at intermediate tem- 
peratures and was achieved in bairdii from three to four days sooner at high 
and low temperatures than in noveboracensis. Male bairdii had a consistently 
slower rate of regrowth at all temperatures than females. 


Winter noveboracensis averaged 3 68% heavier than summer noveboracen- 
sis but the difference was not statistically significant. Summer and winter 
animals acclimated at low and high temperatures indoors were significantly 
heavily than freshly caught animals. The difference was due largely to better 
nutrition and less activity under caged conditions than in nature. 


Weights of bairdii acclimated at low temperatures both indoors and out- 
doors were significantly heavier than those of animals acclimated at high in- 
door and outdoor temperatures. 


Monthly averages of body weights of noveboracensis throughout the 
year show indications of a seasonal trend in weight. Weights were lowest in 
June and July and showed a trend toward increasing weight in autumn and 
early spring and decreasing weight in mid-winter and late spring, but an 
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insufficient number of records for some months postpone definite conclu- 
sions. 

Visceral fat was apparently used before subcutaneous fat at low air tem- 
peratures, and the data suggest that the probable order of mobilization is as 
follows: 1) mesenteric, perirenal, and gonadal (visceral) fat, 2) subcutaneous 
fat in the pectoral and scapular regions, and 3) subcutaneous fat in the peri- 
anal and pelvic regions. 

The total fat content of winter noveboracensis was greater both absolutely 
and relatively than that of summer noveboracensis. No evidence was found 
that hardening of the subcutaneous fat cccurred at low air temperatures, so 
this is not the explanation for the non-utilization of subcutaneous fat by 
starving animals at low temperatures. 


These experimental results, when interpreted in terms of average tem- 
peratures at the northern limit of each species ranze during the coldest part 
of the winter, indicate that small mammals may be limited in their north- 
ward distribution by their inability to tolerate extreme low temperatures. The 
January isotherm of -12°C. for mean monthly temperature is correlated with 
the northern boundary of noveboracensis range, but the animal may be lim- 
ited more directly by daily minimum temperatures. The average January 
isotherm of -21°C. is correlated with the northward extension of bairdii’s 
range which agrees with the greater toelrance of this species to low tempera- 
ture that was demonstrated experimentally. 
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The Determination of Sex and Age Ratios 
in the Cottontail Rabbit 


George A. Petrides 
Department of Fisheries and Wildlife 
Michigan State College, East Lansing 


Sex and age ratios are important indicators of many population character- 
istics (Leopold, in Kimball, 1948; Petrides, 1949), permitting among other 
things the determination of rearing success and the dating of reproductive 
events. Sex and age recognition mezhods are especially important in the cot- 
tontail and its relatives because of their ranking as the most hunted species 
over much of the United States. This fie'd was explored for the Mearn’s 
cottontail (Sylvilagus floridanus mearnsii) in particular, with qualitative 
findings probably app!ying to most or all of the other species of Sylvilagus. 


METHODS 


The preseat investigation was conducted largely in the vicinity of Colum- 
bus, Chio. A live-trapping program was carried on there from June 1, 1946, 
nearly continuously until January 1, 1948, mostly az the Botany Garden on 
the Ohio State University campus. Supplementary efforts were made at the 
University Wood lot about a mile to the northwest, also in Franklin County. 
One hundred and ninety-nine rabbits were tagged, and, counting the original 
capture, taken a total of 426 times. Records were made of anatomical charac- 
teristics and breeding condition at each handling. 

In addition, 40 animals were examined on January 3, 1946, after being 
captured by driving with a crew of mea on the Urbana Game Farm, Cham- 
paign County, Ohio. On November 1 and 8, 1947, trips were made to a 
highway checking station established near Mercer, Mercer County, Pensyl- 
vania. Two hundred and fifty-nine specimens were checked there, at a point 
only about 15 miles from the Ohio boundary near Youngstown. On No- 
vember 15 and 17, 1947, 29 additional rabbits were examined in Wood Coun- 
ty, Ohio. X-ray films of portions of the forelegs of 18 tagged rabbits of 
known age and of over 200 untagged rabbits whose age was estimated by 
various external criteria wete also investigated. The cleaned forelegs of eight 
rabbits of known age were seen and two dozen from animals of estimated 
ages were also studied. A series of skulls of Sylvilagus floridanus were studied 
at the U. S. National Museum, Washingion, D. C. 

In this study, “young” or “juvenile” rabbits are defined as young of the 
year, being less than 12 months old; “adults” are older than 12 months. 
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cooperating. 
THE DEVELOPMENT OF YOUNG COTTONTAILS 


Young rabbits are born in the north-central states from March to Septem- 
ber, with the peak of breeding apparently during the late spring months. Four 
litters per season per adult female are not uncommon in Michigan (Haugen, 
1942b), Missouri (Schwartz, 1942) and probably elsewhere in the range of 
the species. An average of five young per litter was determined for Michi- 
gan cottoniails by Haugen (1942b) and for Pennsylvania rabbits by Beuhle 
and Studholme (1942). 

Young cottontails are born after an average gestation period of about 28 
days (Hendrickson, 1943). For their first 14-6 days (Beuhle and Studholme, 
1942) the young are sheltered in a nest which is located in a depression pre- 
sumably dug by the mother and lined with grasses and with fur from her 
belly. The female visits the nest periodically, permitting the youngsters to 
nurse. 

Some teeth are present while the young are still in the nest and a full 
set is acquired within the next three weeks (Dice and Dice, 1940). Growth 
is rapid and by the fifth month, young of the year are practically as large 
as adults. 

Normally, mating is not attempted until the breeding season following 
the birth of a cottonzail. Occasional records have been made, however, of 
females breeding during their first summer. 


The two sexes in cottontails are identical in general appearance. 


Sex DETERMINATION 


Handling Live Animals.—In sexing live cottontails, it is necessary to hold 
them ventral side up. Handling these animals, however, par‘icularly when 
removing large individuals from box traps, can result in a severe scratching 
of the trapper and possible escape of an animal which is not held properly. 
Trapped rabbits rarely, if ever, bite. 

It is suggested that they be securely grasped about the head as indicated 
in figure 1, with the eyes covered and the fingers securely gripping both the 
ears and the jaw. A rabbit then can be held and lifted from the trap by its 
head alone, with little or no struggling on the part of the suspended cotton- 
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tail. This grip was first shown to the author by Daniel Atzenhcefer and E. 
D. Martin of the Ohio Division of Conservation. 


The sex orcans are most conveniently examined by dropping the animal 
in a large cloth sack, laying it down, and exposing the rcar end of the body. 


Fig. 1.—Suggested method for holding live cottontails. Rabbits 
so held struggle very little. 
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As long as the eyes are well covered in this way, a rabbit will usually strug- 
gle very little. Even an attempted escape, however, will be in a forward di- 
rection and consequently deeper into the sack. 


Sexing Live Animals.—Sexing cottontails by examination of the genitals 
is apparently a well-known but little-published procedure. Trippensee (1936) 
described the method briefly. Ingles (1941) has discussed it as applied to 
the Audubon cottontail of California. Severaid’s (1942) sketches of the sex 
organs of the snowshoe hare indicate a similar anatomical arrangement in that 
species. 

Fizures 2-6 indicate the essential differences between the genitals of the 
two sexes in the Mearn’s cottontail. When relaxed, both the penis of the 
male and the clitoris of the female are withdrawn into the body. For examin- 
ation, these organs can be erected by appiying downward pressure with a 
thumb and forefinger placed in front of and behind the genital region, re- 
spectively. In medium to large specimens, some of the differences are immedi- 
ately apparent. The penis is a cylindrical organ whose basal sheaths unfold 
on erection in the manner of a small telescope. A tiny terminal opening is 
apparent on close inspection. The clitoris is nearly as large as the penis of a 
young male and may be mistaken for it if carelessly examined. It is flattened 
posteriorly and has no terminal opening. The vaginal openinz is located be- 
tween the base of the clitoris and the anus, but is not always noticeable, 
especially when occluded by the vaginal membrane of young females 


Most difficulties in sexing rabbits are encountered with small individuals. 
Though the same procedure is used, the close similarity of the penis and 
clitoris during the younger stages may be confusing. In young males, the 
distal portion of the penis may “open up” along the mid-ventral line to some- 
what resemble the clitoris. This flattening of the terminal region of the penis 
does not extend, however, to the base of the organ as in the clitoris. When 
about half-relaxed, the tip of the penis will te seen to be rather blunt and a 


Figs. 2-4.—2. The vaginal orifice is completely occluded by the vaginal membrane in 
first-year female cottontails (left). 3. The opening is revealed when the anal area is forced 
posteriorly (center). 4. The vaginal membrane is absent in adult females (right). 
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Figs. 5-6.—5. Penis of immature male cottontail, partially extended. 
6. Fully extended penis of adult male cottontail. 


double circle of basal sheaths will be visible in most males. The clitoris is 
sharp-pointed and, when viewed closely, no such sheaths are apparent. Com- 
monly, too, when fully erected, the tip of the clitoris will bend sharply and 
point anteriorly; in males, the tip of the erect penis usually points posteriorly. 
These directional characteristics are lost after the animals become about half 
grown. The testes of males are not obvious except as adults during che 
spring and early summer. Other characteristic of the sexes are given beyond, 
under age determination. 


Killed Specimens——Whole animals may be handled like live ones. The 
examination of hunter’s bags, however, usually involves the handling of 
large numbers of dressed carcasses. Since most hunters fail to cut through j 
the pelvic girdle, the sex organs usually are intact though they may be 
clotted with dried blocd and excreta. Animals which are badly “glued up” or 
torn by shot, may have to be passed over, but the sex of most killed cotton- 
tails can be determined by examining the genitalia. 


In the present study, it was found that iudgme=t as to the sex of a 
dressed animal should be reserved until the sex organ was everted. Frequently 
an opening is observed which may be mistaken for the vagina but which, in 
reality, is the cavity into which the penis is retracted. This opening is not 
obvious in live animals but removal of the viscera permizs the penis to fall 
back toward the body cavity when the rabbit is laid on its back. 


Frozen Specimens.—The sex organs of frozen cottontails are usually in- 
accessible. Such specimens can be easily sexed, however, except when small, 
by the presence or absence of teats. Evn the undeveloped nipples of imma- 
ture but grown females (see beyond) E-ecome obvious ‘hen, feeling like 
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raised pin heads when the fingers are passed over the ventral fur of the 
specimen. Dressed animals, of course, are more difficult to work with than 
whole frozen specimens. If the lateral portions of the belly, near the line 
where the whitish belly fur and the brownish fur of the sides adjoin, are 
easily accessible, however, passing the hand over them reveals the presence 
of teats if the animal is a female. 


SEx RaTIOS 


The sex ratios of populations from various areas within the range of 
Sylvilagus floridanus are given in table 1. Though, in general, an excess of 
males is reported it is apparent (Allen, 1939; Linduska, 1947) that this often 
is related to a tendency of females to enter holes more readily than males, 
at least in some of the more northerly portions of the cottontail’s range. This 
would tend to distort the sex ratios of hunted rabbits derived in northern 
states. If it proves that more males than females are reoularly shot during 
cold weather open seasons in this “holing up” zone (Leopold, 1931), it is at 
least a possibility tha: pre- and post-open season sex ratios of ferreted rabbits 
or of those trapped during warm spells might be used with kill figures to 
determine rabbit population sizes (Petrides, 1949). 

The sex ratios derived during live-trapping studies, also listed in table 1, 
would seem to be affected additionally by differences in the relative sizes of 
the home ranges of the two sexes. Where the home range of one sex is larger 
that that of the other, and especially where the larger ranges of individuals 
of this sex overlap each other considerably, one would expect to catch more 
animals of the wide ranging sex on a small area. It would also be expected 
that the more sedentary sex would be retrapped more frequently. For cotton- 
tails, the several authors who have studied home ranges offer varying results, 
but all agree that the individual ranges of male coztontails are slightly to 
considerably larger than those of females. 

Schwartz (1941) in Missouri states that on his 100 acre area “no signifi- 
cant relationship was found between the number of times that an animal was 
trapped and the size of its recorded range.” His summarizing figures, how- 
ever. indicate that males were retrapped an average of 2.48 times each and 
females were retaken 2.53 times each. The average home ranges were 1.4 acres 
for adult males and 1.2 acres for adult females. The extremes of neither set of 
data, however, differ significantly from the averages of the two components. 
Dalke and Sime (1938) in Connecticut found that on their 471 acre area. 
“the males displayed a consistent tendency to stay out of the traps.” Though 
the sex ratio determined by these investigators was nearly balanced, the males 
were retrapped only about half as often as the females. From the tables they 
presented, males comprised only 31 per cent of the retrapped animals despite 
their apparent equal status in numbers of individuals. The 3.0 acre home 
range of females was only 36 per cent as great as the 8.3 acre home range of 
males. 

Allen (1939) gave evidence, from a 500-acre farm in southern Michigan 
that males occupy larger home ranges and are retrapped less frequently. 
Haugen (1942a) provides no retrapping data but indicates that in south- 
western Michigan adult females range over areas 14 to 23 acres in extent, 
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while males “evidently roan over a large area, perhaps a hundred acres or 
more.” Juveniles of both sexes have limited, similar-sized ranges which increase 
in acreage as ‘the animals grow larger. No home range data were accumu- 
lated during the p:esent study, but if the relative sizes of home ranges were 
as Haugen (1942a) or Dalke and Sime (1938) found them elsewhere, then 
the retrapping data of the present study also tend to support the idea that 
individual males may out-number females when trapping is attempted on a 
limited area, but that he females will be taken more frequently. As the area 
increases in size this distortion of sex ratio should tend to be eliminated. 


In the live trapping data ot table 1, two of the highest propotiions of 
males shown occur for some studies made on small areas. Atzenhoefer 
(1940) operated on portions of farms 271, 135 and 105 acres in extent, while 
the present author worked only on two small areas of 12 and 27 acres in 
size. The size of Trippensee’s study area (1936) is not shown. Allen’s 
(1939) low tallies of males are for areas from which males were selectively 
removed by earlier cold-weather hunting. Haugen’s (1942) area was nearly 
4,000 acres. Schwartz’ small 100-acre plot produced the .fewest males for 
its size. Whether intensive hunting occurred there is not known. 


Pertinent retrapping data for the present study follow: 


Number Average number 
Number of times of times trapped 
tagged trapped per individual 


107 198 1.85 


It will be noted that fewer females than males were caucht, but that 
females were retrapped more often. This might be explained on the basis 
of wandering males and more sede=tary females. 


An additional factor proposed by Linduska (1947) is that increasing 
cottontail populatio-s may te characterized by a greater proportion of females 
while ceclining populations typically contain a greater proportion of males. If 
this proves to be generally true for cottontai!s, it will be interesting to de- 
termine whether it is the population trend that affects ‘she sex ratio, or the sex 
ratio that affects the population trend. 


AGE DETERMINATION 


Nestlings.—Only a few nestlings were handled in this study, but, for the 
sake of completeness, the data of Bezh'e and Stu“hclme (1942) are in- 
cluded in table 2. They found the closest correlation -etween age and body 
size in the measurement of the hind foot. 

Size and weight changes in o'der animals.—Schwartz (1941) in Missouri 
distinguished adults from juvenile rabbits on the basis of weight but found 
the system useful only until September. Haugen (1942b) found weights use- 
ful age criteria. until December in Michigan. In Ohio, the pzesent author 
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found that juveniles attained adulz size in five months which would render 
them inseparable from adults at least by September during the average year. 

During the present study, a number of rabbits of both sexes were tagged 
as young animals and recovered at later dates. Though their exact age when 
they were first caught was unknown, the extent of growth was determined 
for these individuals by measurements of weight, and body and hind foot 


TABLE 2.—Age determination in average juvenile cottontails 


(Data for nestlings adapted from Buehle and Studholme, 1942) 


Age Live 
weight 


2 days ... 
3 days .... 
4 days ... 


13-16 days ... 


2 months .......... 


3 months .......... 
3.5 months ... 

4.5 months or more ...... 1000 
5 months or more ........ 1100 


2 months or more ........ —— 


lengths. 


Nose-rump 


length 


180 
200 
225 
255 
280 
300 
325 
345 
360 
374 


25 grams 95 mm. 


400 plus 


Hind 


95 plus 
95 plus 
95 plus 
95 plus 


Other 


characteristics 


Eyes begin to open 
Eyes open 


Leave nest 


Sex characters, see text 


Sex characters, see text F 
Sex characters, see text 


Other measurements were also taken but seemed to offer no ad- 


vantage over these. Because of the short tail in cottontails and the incon- 
venience of obtaining the total lengths of live animals while working with- 
out assistance, body length (nose to rump) was used as the measurement 


of length.1 


1 Where desired, interpolations of the total lengths may be made from the following 


records taken from museum skins: 


Total length 
105 mm. 
200 mm. 
300 mm. 
350 mm. 
450 mm. 


Tail 


10 
35 
45 
50 


mm. 


Body length 
95 mm. 
165 mm. 
255 mm. 
300 mm. f 
390 


— 
23 
25 
27 
6-7 days 31-33 
37 
39 
43 
112 45-51 
200 55 
90 
| 93 
mm. 
mm. 
mm. 
60 mm. 
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render The available weights and body lengths of all animals which were 
Ze year. trapped at suitable intervals were plotted in figures 7-10 in the form of super- 
tagged imposed growth curves. Since the original ages of the rabbits were unknown, 
e when these had to be estimazed. This was done by starting with the weights and 
mined lengths of nestlings of known age and penned month-old cottontails as 
id foot recorded by Beuhle and Studholme (1942) and Dalke (1942), respectively. 


The records of young just out of the nest were placed in accordance with 
the growth trends indicated by the records of younger animals. Still larger 
individuals were added to that series until finally all suitable records were 
charted. Though only the pattern of growth of individual rabbits can be 
accepted with certainty from these graphs, the closeness with which the 

stics slopes of these individual patterns approach one another indicates that 
these charts of combined recotds may be acceptable as curves of average 
growth in wild rabbits. There seems to be little difference between the rates 
of growth of the two sexes during the first few months. The growth rates 
for wild cottontails in Ohio seem to be somewhat higher than that indicated 
by Dalke’s graph (1942: 76) for pen-reared Connecticut rabbits. His data 

n do not make clear, however, whether or not some of the penned animals 
may have been Sylvilagus transitionalis. 

Table 1 is derived from the data of figures 7-10 plus length records for 
the hind foot. It will be noted that the length of the hind foot is not a useful 
criterion of size or age beyond 3.5 months. No measurements of size seem 
useful after 4.5 months except to indicate minimum age. Large rabbits (over 
1400 grams weight and 400 millimeters body length) were usually adult, but 


' not all adult animals were extremely large. The findings of this Ohio study 
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Fig. 7.—Weight increases in immature tagged wild cottontails—females. Specimen 
numbers: A, from Dalke (1942); B, No. 339; C, No. 4; D, No. 22; E, No. 53; F, 
No. 492; G, No 34; H, No. 76; I, No. 92; J, No. 203; K, No. 81; L, No. 437; Z, 
from Beuhle and Studholme (1942). 
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Fig. 8.—Increases in total length and hind foot measurements in immature tagged 
wild cottontails—females. Specimen numbers: B, No. 339; C, No. 4; D, No. 22; E, No. 
63; F, No. 492; G, No. 34; H, No. 76; I, No. 92; J. No. 203; K. No. 81; L, No. 437; 
Z, from Beuhle and Studholme (1942). 


confirm exactly the statement by Elder and Sowls (1942: 203) for Wiscon- 
sin that some “juvenile rabbits already weigh more than 1000 grams by Au- 
gust and many adults, even during the . . . breeding season in spring weigh 
less than 1000 grams.” Drastic fluctuations in the weights of individuals oc- 
curred in a few days especially in the winter months. Some of the spring 
increases in weight in females doubtless were due to pregnancies, but adult 
female rabbits apparently tend to average slightly larger than adult males 
at all seasons (Haugen, 1942b); Figures 7-10, this study.). Body length as 
a criterion of age seems less subject to temporary fluctuations than weight. 
Sufficient data are not available to determine the extent of error to which the 
data of table 1 and figures 7-10 are subject. Where the several measurements 
of an individual rabbit do not all fit one age category, some compromise 
will have to be made. Beyond the 4.5 month stacte, characteristics other than 
size and weight seem necessary even in order to determine whether a rabbit is 
a young of the year or an older animal. 

Changes in bones of the foreleg correlated with age-—Thomsen and Mor- 
tensen (1946) and Hale (1949) have described a method for separating cot- 
tontails of the year from older animals by determining the degree of ossifi- 
cation in the proximal epiphysis of the humerus. This was done by means 
of X-ray photographs and stained bones. An absence of cartilage, that is a 
complete fusion of the epiphysis with the diaphysis of the humerus, was 
considered by them to be a mark of adulthood that apparently was reliable 
in Wisconsin at least into January. 
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Early in the present investigation, casual observation of a few cleaned 
humeri disclosed that the epiphysis was quite evident without X-ray or 
special preparation (fig. 11). Other than this and a few limited notes given 
beyond, no investigation was made of the development of this bone. It was 
understood that Hale was studying it further. From the evidence of a dozen 
or so humeri from animals of known age, this is an excellent age criterion 
and is useful in Ohio at least through December and probably beyond. 


Attention also was paid, however, to the rae of fusion of the distal epi- 
physes of the radius and ulna. It was hoped at first that this might prove po- 
tentially as useful as the less accessible shoulder joint in identifying young of 
the year. Though this idea proved valueless as such, the study indicated that 
the collection of rabbit paws during the hunting season could aid in the 
determination of age in juvenile speciments up to seven or eight months old. 


From a small series of X-ray films of forepaws of rabbits of known age, 
several stages of development were described briefly as correlated with age. 
Cleaned bones of the ‘three later age stages (fig. 11) were as readily classified 
by inspection as were the X-rays. The following descriptions, however, are 
drawn from X-ray examinations of both live and recently killed animals. 
There is no difference in appearance between X-rays of live and recently 
killed specimens of the same age but paw specimens which became much des- 
iccated after long storage were rendered too dense for good X-ray examina- 
tion. 
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Fig. 9.—Increases in weight and penis length in immature tagged wild cottontails— 
males. Specimen numbers: A, from Dalke (1942); M, No. 474 (captive); N, No. 461; 
O, No. 334; P, No. 410; Q, No. 83; R, No. 99; S, No. 90; T, No. 222; U, No. 335; 
V, No. 870; W, No. 557; X, No. 95; Z, from Beuhle and Studholme (1942). 
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The following stages are illustrated by drawings (fig. 12) and X-ray pho- 
tographs (fig. 13): 
Two months old (figs. 12A, 13A): The epiphyses of the radius and ulna 


are separated from the shafts of these bones by one millimeter or more. 


Three to four months old (figs. 12B, 13B): The epiphyses are separated 
from the long bones by less than one millimeter. 


Five to six months old (figs. 12C, 13C): The epiphyses are distinct 
from the shafts bu: fusion has taken place. The younger specimens show 
two distinct lines in the atea of coalescence. These are reduced to one very 
distinct line later in the period. 


Seven months or older (figs. 12D, 13D): Fusion is complete. Some 
specimens show remnants of a line marking the region of junction. These 
often may be the bones of the younger animals in the age group, but a 
distinct line of fusion has been noted in animals in their second winter. Prob- 
ably the best indicator of immaturity in this group is the shape of the tips 
of the bones (including the epiphyses). In the earlier stages, the widest por- 
tions of the bones are not at the tips of the epiphyses but at the lines of fu- 
sion. X-rays of over a dozen known adults indicate that their leg bones typi- 
cally are widest in the terminal region once occupied by the epiphyses and not 
in the subterminal area of the former lines of fusion. This factor does not 
seem to be sufficiently infallible, however, to permit its use as a criterion 
separating the year-classes. 
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Fig. 10.—Increases in total length and hind foot measurements in immature tagged 
wild cottontails—males. Specimen numbers: M, No. 474 (captive); N, No. 461; O, No. 
334; P, No. 410; Q, No. 83; R, No. 99; S, No. 90; T, No. 222; V, No. 870; W, No. 
557; X, No. 95; Z, from Beuhle and Studholme (1942). 
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Adults, animals in their second year or older (figs 12E, 13E): Those 
animals are often indistinguishable from the last group, but typically they 
display no remnant of the epiphyses. 


Some interpolation within these stages may be possible to permit the- 
classification of X-ray images of radial and ulnal epiphyses by one-month 
periods rather than by two-month szages as just described. Variation in the 
degree of classification in the X-rays of rabbits of known age which were 
studied was not taught. 


Age estimations were made during the present study of X-rays of paws 
of 116 young rabbits killed November 1 and 8, 1947, in Pennsylvania near 
Youngstown, Ohio. The ages for 25 juvenile paws collected on November 
15, 1947, in Wood County, Ohioty, Ohio, were similarly appraised. The re- 
sults are tallied below, by two-month periods: 


Estimated time of Pennsylvania Wood County, Ohio 


birth (1947) specimens specimens 
Number Percentage Number Percentage 
March-April _ ...............- 43 37 8 32 
48 41 1] 44 
July-August ................... 23 20 5 20 
2 2 4 


Fig. 11.—Humeri of  cottontails. 
Left, juvenile bone showing incom- 
pletely ossified epiphysis at the proxi- 
mal end. Right, adlt bone with no 
dividirg line between epiphysis and 
diaphysis evident. 


Repeated tallies of X-ray images produced virtually identical results on 
each attempt. The relative proportions of the Ohio and Pennsylvania sam- 
ples are statistically identical. No suitable breeding data are available for 
comparison, but Beuhle and Studholme (1942) give May as the peak of 
nesting activities in Pennsylvania in 1940 and 1941 with the important por- 
tions of the two seasons extending from April through July. 
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As matters now stand, it seems possible by means of bones of the fore. 
leg to determine whether a cottontail is a young of the year or an adult and, 
if the former, to learn its probable date of birth. Analysis of a series of X. 
rays of rabbit forelegs is given later, under age ratios. 


The method of bone examination, as pointed out by Thomson and Mor. 
tensen (1946), has the great advantage of lending itself to the collection of 
material by mail. It also may be of assistance in working with frozen cotton- 
tails, especially males whose age cannot otherwise be distinguished. X-ray 
pictures of the radius and ulna may be useful in studying remains of predator. 
killed rabbits and possibly even relaxed museum skins. 


Changes in Sexual Structures Correlated with Age—Elder and Sowls 
(1942) state that adult males during the fall have flaccid, shrunken testes in 
contrast to the smaller-sized but turgid glands of juvenile males. In females, 
they used the presence of placental scars as an indicator of adulthood. The 
accuracy of the placental site criterion, they say, diminishes after December 
with resorption of the scars. The testes of males also begin their s-asonal 
enlargement by late November or December, (Hamilton, 1940; Trippensee in 


x 


A B Cc D 


Fig. 12.—Progressive ossification of the distal epiphyses of the radius and ulna in the 
cottontail. Ages: A, 2 months; B, 3-4 months; C, 5-6 months; D, 7 month or older; 
E, 1.5 years or older. 


Haugen, 1942b; this study) and the usefulness of the turgidity of the testes 
as a criterion of age in males may be limited to the autumn period. Both of 
these criteria of age can be used only with dead animals which have not been 
cleaned. 

Haugen (1942b: 224) indicates that until early December, “the clitori 
of juvenile females and the testes of juvenile males (are) usually smaller 
than the same organs in adult cottontails.” 


Some additional criteria which it is hoped will be useful were determined 
during the present investigation: 


Females.—Differentiation between young of the year and older females 
was easily possible until the spring breeding season on the basis of unde- 
veloped teats and a ruptured (absent) vaginal membrane in adult does. The 
use of the nipples alone usually was adequate at least until about January 
1 and often well after that date. Reference also to the presence or absence of 
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the vaginal membrane, however, was found to be a desirable check on all 
observations. 


In general, the nipples of young females were found to be less than 
one millimeter in diameter and raised to a height of less than one millimeter. 
They were rarely located easily. Often the belly hair would have to be clipped 
if they were to be found (see fig. 14). Between early January and early 
April (see table 3), varying in different individuals, the minute inactive teats 
became erect, pointed and usually reddish in color. They then measured about 
2 millimeters in diameter by 3 millimeters in length (see Figure 15). They 
usually could be located rather easily by passing the hand over the belly 
region. Beginning in late February, fully enlarged teats begin to be found in 
yearling females. These were larger, whitish, blunt, often flabby structures 
about 3 to 4 millimeters in diameter and 4 to 6 millimeters in length (see 
fig. 16). Some were marked: at the tips by a few tiny, black pigment dots. 
They could be located even by untrained personnel almost instantly by rub- 
bing an adult rabbit’s belly. These large teats apparently are carried through- 
out life serving as an indicator of maturity. 


Supporting the evidence from teats, the vaginal membrane seems to be 
a helpful mark of immaturity. This membrane is a filmy but rather tough 
tissue which almost completely occludes the vaginal orifice in young female 
rabbits (fig. 2). It is a shield-shaped transluscent structure which is attached to 
all except the anterior edge of the entrance to the vagina. This membrane was 
found to persist intact until late January in all young females (except two, 
as discussed beyond) and until late April in some. By late January, however, 


Fig. 13.—Progressive ossification of the distal epiphyses of the radius and ulna in 
the cottontail. Ages: A, 2 months; B, 3-4 months; C. 5-6 months; D, 7 months or 
older; E, 1.5 years or older. 
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and coincidentally with the beginning of enlargement of the teats, rabbits 
began to be observed with only remnants of the vaginal membrane adhering 
to the sides and especially to the two posterior corners of the vaginal en- 
trance. Females marked by such remnants occurred up until early May. 
From early March on, marked yearling specimens were examined in which 
the hymen was entirely lacking (see table 3). 


Whether the vaginal membrane in rabbits generally is torn away upon 
mating can only be presumed. In view of the toughness of the membrane 
(see fig. 2) it would seem that mating possibly could take place without its 
rupturing. One female was observed in late March with enlarged teats and 
an intact hymen and seemed, upon being palpated, to be carrying several 
15-20 millimeter embryos. This was the only case of its kind, however, and 
because of the small size of the apparent embryos, the diagnosis was not cer- 
tain. In another case, however, a young female whose placental scars and 
large teats indicated that she had borne a litter of young, still carried rem- 
nants of the hymen. There is no evidence, at least, to indicate that females 
ever bear young without rupturing the vaginal membrane. 


In attempting to examine the vaginal membrane, some experience is 
necessary or the structure may be overlooked entirely. If the anus is pushed 
too far to the rear in examining the genitals, the hymen may also be pulled 
away (fig. 3) exposing the vaginal orifice as in an adult (fig. 4). Also, in 
adults, it is possible to misidentify the thick, fleshy fold supporting the poste- 
rior base of the clitoris as the hymen. Best results in seeing the vaginal mem- 
brane were secured by barely extending the clitoris whereupon the trans- 
lucent membrane would appear whitish against the dark vaginal opening. 
When the clitoris was extended too far the hymen often became pressed 
against the genital folds, transmitting the fleshy appearance of the latter. 


The length of the clitoris was found to be of little value as an age criterion 
after mid-November. Before that time the clitori of young females were 


TaBLe 3.—Changes in vaginal membrane and teat characteristics 
in tagged yearling female cottontails 


2 a E 

Date E § x Bx 

SS £8 Za Zan 
ae) bare 14 14 0 0 12 2 0 
January 16-31 as 6 l 0 6 1 0 
February 1-15 ............. 6 5 l 0 6 0 0 
February 16-28 ............ 9 7 2 0 5 3 
8 5 l 0 6 
Maret 26-31 ................ 5 5 0 0 0 4 l 
Apel 1-15 7 0 6 1 0 2 5 
Agel 1630 5 1 1 3 0 0 
May 1-15 . 0 l 0 0 
May 16-30 2 0 0 2 0 0 2 
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Figs. 14-16.—14. Teat of juvenile cottontail. Such nipples are less than 1 millimeter 
long and usually are difficult to locate even after the belly hair has been clipped (left). 
15. Teat of juvenile showing mid-winter growth (center). 16. Teat of adult cottonail. 
Teats of mature females are 4-6 millimeters long and are easily located (right). 


generally less than 10 millimeters long while those of adults were longer. 
The range of seven adult clitori was from 10 to 13 millimeters; first year 
clitoris measurements were identical with these after late November except 
for occasional small rabbits. 

Two unusual instances were recorded of young females which appar- 
ently were sexually active during their first summer. They are in contrast to 
the 72 other immature females handled which apparently did not mate until 
the following spring. There remains a slight possibility that other such pre- 
cocious females were erroneously termed adults, but the records list few 
adults which could have been so misidentified. 

One of these young females was first caught on August 7, 1947, at 
which time it weighed 1044 grams and had nipples which were 2 millimeters 
wide and 3 millimeters long. No observation was made of the vaginal mem- 
brane. On October 10, 1947, this individual was retrapped. It then weighed 
1362 grams, its teats were as before and the vaginal membrane was absent. 
No placental scars were found. Apparently mating had occurred but pregnancy 
had not followed. 

In the other case, the animal was caught only once, on October 22, 1947. 
It had large nipples and weighed 1192 grams. Doubtless it would have been 
classed as an adult had there not been an obvious remnant of the vaginal 
membrane present. Upon dissection, five placental scars were evident. The 
epiphyses of the humerus, radius and ulna were still open, so that this speci- 
men doubtless was a young of ‘he year. 

In addition to those notes, Cooley (1946) records two instances of indis- 
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putable validity where, in Michigan, young females became pregnant during 
their first summer. These animals were doubtless about six and eight months 
old, respectively, at the times that they were shot. This author adds, though, 
that these are the only instances of such precocious behavior during six years 
of intensive study on the same area. Hendrickson (1943) records another 
such occurrence in Iowa. He estimates the maximum age of the gravid female 
concerned at about 5 months, but the measurements provided indicate that it 
may not have been more than 4 months of age. When killed the embryos 
weze estimated to have undergone two weeks of growth, which would place 
the age of the animal at the time of the successful mating at 2.5 to 3.5 
months of age. Either this individual was very small for its age or it bred 
at an exceptionally early age. 

Ingles (1941) found that females of Sylvilagus auduboni may reach 
sexual maturity at six to nine months of age in a California area where 
breeding is more or less continuous the year around. 

In contrast to these records of early-breeding juveniles there may yet be 
reports made of some few adul: females which fail to breed even as yearlings. 
It is believed, however, that in the north-central states, at least, such instances 
are rare. From the standpoint of age determination ty the examination of sex 
organs, if both types of unusual mating behavior occur regularly the errors 
would tend to be cancelled. The extent of cance!lation would depend on 
the relative proportions of each age group in the population as well as on 
the magnitudes and regularity of the error within each age class. 

The evidence seems to indicate that the condition of the nipples and the 
vaginal membrane are normally good criteria for separating young of the 
year from older female cottontails. By using the vaginal membrane, sex and 
age can be determined simultaneously in live or recently killed female rab- 
bits. During the open season, most hunter-secured specimens are dressed in 
the field. The teats are usually difficult to work with after the animal has 
been cleaned. Unless the external genitalia have been removed the sex and 
age of specimens are still easily determinable by observation of the clitoris 
and hymen, respectively. In frozen specimens, the age can be told by the size 
of the teats, which become obvious to the touch regardless of age. upon 
freezing. 

Males.—External sex criteria of age in male cottontails is less satisfac- 
tory than for females. The flaccid testes found in dead specimens by Elder and 
Sowls (1942) could not be detected with certainty in live animals during the 
present study. Extensive overlapping in measurements prevented the relative 
sizes of the testes from being useful as an age critrion (table 4). The rela- 
tive degree to which the testes were descended seemed similarly inapplicable. 

The best such criterion found was the length of the penis. This organ 
developed from about 2 millimeters in length at one month of age to over 
20 millimeters for adults in their second winter. The rate of penis growth be- 
tween known dates for several tagged juveniles is indicated in figure 9. If 
the ages indicated by weights and body lengths (figs. 9, 10) can be assumed 
to be nearly correct, then the curve shown is representative of average penis 
growth with increasing age. 
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Penis measurements were made along the anterior face of the fully ex- 
tended organ. A complete extension was caused by enough pressure being 
placed on either side of the base of the penis to cause the double ring of 
basal sheaths (fig. 5) to be smoothed out (fig. 6). Measurements were made 
from the base of the U-shaped furry covering at the anterior base of the penis 
to the tip of the structure. This line of measurement is evident just 
above the ruler in figure 6. Complete extension of the penis is necessary in 
order to obtain useful, comparable data. 

Only two of the 44 males tagged prior to June, 1947, were retrapped 
during the fall and winter of 1947 (10 were known to have died). Dates of 
captures of these animals and their penis measurements are as follows: 


No. 209 (1946-7) No. 281 (1947) 
Nov. 24 ............ 10 mm. 17 mm 
11 mm. 17 mm 
15 mm. 19 mm 


Table 5 provides penis measurements by months for the male rabbits 
trapped and (in January) caught by driving with a crew of men. As adults 
in Apri! and May, when even the younger males had apparently reached full 
maturity (see also table 4), 11 of 15 males had penis measurements of 17 
millimeters or above and the other 4 had 16 millimeter measurements. From 
the limited data offered by the two specimens of the preceding paragraph, 
possibly the penis lengths of males in their first spring can be expected to 
increase by a few millimeters before their next winter. 


TABLE 4.—Testes sizes in male cottontails 


(Lengths x widths of single testes and epididymes, in millimeters ) 


Testes 
size Numbers of specimens 
Oct. Nov. Dec. Jan. Feb. Mar. Apr May 

2 11 6 
3210 . 5 7 
@ 11 3 
3 3 l 
A, 3 7 6 3 


In table 5, all pre-March males are juveniles, except one each in November 
and December whose penis lengths were 21 and 20 mm. long respectively. 
It will be noted that none of these animals attained more than a 17 millimeter 
penis until February. Furthermore the 17 millimeter length was not attained 
by any until the last week of November. 
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5.—Pents lengths in male cottontails 


Penis 
length Numbers of specimens 
(mm. ) Oct. Nov. Dee. Jan. Feb. Mar. Apr May Jun. Jul Aug 
3 3 
4 2 1 
2 
5 
3 
2 
4 2 3 
0 5 4 2 
Ca 2 4 l 3 0 
13 2 4 3 7 ] 
14 3 0 0 2 2 
15 2 0 6 4 2 l 
ees 3 2 5 0 6 ] 2 
2 2 4 4 2 
l l l 
l 
Total speci- 
inens ..... 32 29 12 31 12 13 17 12 Zz 0 ] 


These data would seem to indicate that at least uniil about December 1, 
all except a very small percentage of young males have penis measurements 
of less than 17 millimeters while adults have intromittent organs longer than 
chat. 


In an examination of 138 male cottontails during the November 1947, 
portion of the Ohio and Pennsylvania open seasons, 8 individuals were 
checked which had penis lengths of 15 and 16 millimeters. Fourteen possessed 
intromittent organs 17 millimeters or more in length. The remaining 116 
males carried sex organs 14 millimeters or less in length. In the author’s 
mind, some doubt is raised as to whether all adult males have copulatory or- 
gans 17 millimeters long or longer, in view of the age ratios derived. 


Fortunately, specimens whose penis lengths fall in the clearly interme- 
diate, 15-17 millimezer, category apparently are relatively few in number, 
comprising only 9 per cent of the above sample. It is proposed, therefore, as 
a matter of caution, to define adult males as those with penis measurements 
of 18 millimeters or over and juvenile males as those with penis lengths of 
14 millimeters or less. These measurements should be valid throughout the 
year. For dead specimens of intermediate penis size, it is suggested that a 
proximal portion of one humerus be collected and examined as described 
above (see fig. 11). Live animals may be X-rayed. The combination of the 
penis length and bone growth methods should be quite accurate and should 
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eliminate much of the tedious dissection required by examination of the bone 
alone. 

Changes in the teeth and skull.—Dice and Dice (1940) have discussed 
tooth replacement in juvenile cottontails but concluded that after a young 
animal has acquired its full set of teeth, probably at about one month of 
age, the teeth no longer offer much assistance in determining its age. After 
studying a series of 12 skulls from 7 adults and 5 grown juveniles of known 
age and also examing a small series of spring adult and fall immature skulls 
at the U. S. National Museum the present author found no reliable cranial 
age characters. 


AGE RATIOS 


Apparently the only published juvenile: adult ratios derived mainly from 
grown cottontails are those of Thomsen and Mortensen (1946). On the 
basis of differences in the proximal humeral epiphysis, they found 3 adults to 
19 juveniles in each sex in 44 animals shot in Wisconsin between October 3, 
1944, and January 3, 1945. This is in the proportion of 12.7 young per adult 
female. 


TABLE 6.—Cottontail age ratio data for Ohio and Pennsylvania, 1946-47 


Trapping, Hunting, 


Trapping, Ohio Pennsylvania 
Ohio November, November, 
1946-47 1947 1947 
Males 
7 z 14 
Young per adult ...... 14.3 8.9 
Females 
enna 78 14 85 
Young per adult ......................... HA 3.7 7.0 
Young per adult female .................. 25.4 9.7 12.3 


The juvenile: adult data of table 6 were determined during the 
present study. The trapping data of 1946-47 cover the entire period of study, 
about 21 months. Many of the young animals recorded, therefore, doubtless 
died before the time of the usual hunting season. The figure of 25.4 young per 
adult female would appear to be considerably above the average breeding po- 
tential and may be influenced by a greater tendency of young animals 
to enter box traps, by increased adult mortality after breeding, or by an ob- 
served tendency of the young to shift about somewhat during autumn and 
early winter. 


The identification of adult males in the Pennsylvania sample is open to 
some criticism as suggested earlier in this paper. Probably in checking hunt- 
ers’ bags, tallies of the adult: juvenile ratios in the more easily handled fe- 
males alone often would be sufficiently satisfactory to aid in the study of 
trends in reproductive activity from year to year (Petrides, 1949). 
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In addition, 38 bones of the upper foreleg (humeri) of rabbits were sub- 
mitted by scattered Ohio hunters. Of 38 right legs submitted, 8 were adults 
(fig. 11), indicating an age ratio of only 1 adult to 3.75 young. This was a 
small sample, however, and the results are not significantly different from an 


age ratio of 7 young per adult (assuming an even adult sex ratio) when a2- 
alyzed siatistically. 


The several figures for autumn juvenile: adult ratios indicate that some- 
where near 6 young per adult is likely in the average fall population. If it 
can be assumed that this ratio persists for the next few months until the end 
of the year and that the sex ratio is about evenly balanced, then an estimate of 
the average life span of cottontails can be made (Petrides, 1949) according to 
the formula originally proposed by Burkitt (1926) and hee mcdified: 

1 1 
= — = — about 1.2 years 


j 


In this equation, the j is the percentage of young in the population at the 
end of the year and L is ‘the average longevity of those cottontails which 
survive until the end of their first year. 


On the same basis, the population turnover period would be 


log. .005 log. .005 
log. (1-j) log. .14 
7.699—10 
= ———— + 1 = 3.81 years — 
9.146—10 


Here T is the number of years required for the young produced during a 
certain year to be reduced to 0.5 per cent of their original numbers, that is, to 
the practical vanishing point. In using this formula, it is assumed that two- 
year-old rabbits have no greater survival ability than one-year-old animals. 
Data on the longevity of tagged rabbits of Allen (1939) and Atzenhoefer 
(1940) support the present evidence that there is an average annual mor- 
tality rate of close to 85 per cent operating against all cottontails, at least 
until they are 1.5 years old. A few of their records seem to indicate a slight 
rise in survival ability in 2.5 year old rabbits, but few animals were found 
to live beyond their third winter. 


RECOMMENDATIONS 


In the northern states at least, there can be little doubt that during normal 
years young rabbits are all-important in determining the size of the rabbit 
crop available to hunters. It also seems evident that usually by early July the 
majority of young cottontails have been born. Yet at that time few of them 
normally would be large enough to be confused with adults. It would seem 
that roadside tallies made in late June and July of total numbers seen per 
mile and of the number of young per adult cottontail could be easily corre- 
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lated, in a few years, with lazer hunting success. Conceivably, this system could 
provide a simple basis for predicting hunting success and for adjusting open 
season regulations where necessary. Possible urderestimates of pzoduc- 
tivity in years when late summer production is unusually important should 
be overbalanced by the more frequent utility of the forecast method. 


SUMMARY 


Sex and age criteria are valuable in the determination of rearing success 
and in the dating of reproductive events. From a study of several hundred 
live-trapped and dead specimens in Ohio and Pennsylvania, criteria permit- 
ting the identification of sex are given for live, dressed, and frozen specimens. 


Age determination methods by means of size and weight changes and 
by changes in the ossification of the epiphyses of the lower foreleg are pro- 
posed for animals in their first year. Growth curves, tables and photographs 
illustrating these methods are given. Young of the year and adults can be 
separated on ‘he basis of differences in the development of the sex organs 
and the proximal humeral epiphysis. Age differences of limited usefulness were 
found in the teeth and skull. Methods are described for handling live rab- 
bits and for the collection of age ratio data. Sex ratios are apparently in- 
fluenced by the weather at the time the specimens are collected and possibly 
also by the size of the study area. Late autumn age ratios indicate that usual- 
ly about 6 young per adult, or 12 young per adult female survive until the 
hunting season. These data indicate an average longevity of about 1.2 years 
for animals surviving until the end of their first year, and an average popu- 
lation turnover period of less than four years. The probable birth dates of 
rabbits killed in November are calculated from X-rays of a collection of 
forepaws. A possible method for forecasting hunting success is discussed. 
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Ecological Life History of the Armadillo in the 
Eastern Edwards Plateau Region 


William K. Clark 


Department of Zoology, University of Texas, Austin 


Perhaps no North American mammal! occupies so controversial a position 
with regard to the beneficial or Cetrimental nature of its habits as the nine- 
banded armadillo (Dasypus novemcinctus L.). The works of Aldous (1932, 
1936) and Kalmbach (1944) have indicated the decidedly beneficial nature 
of the entomophagous habits of armadillos. Observations by several workers 
on the fates of 93 quail nests studied in 1933, 1936, and 1937 have been 
summarized by Kalmbach (1944) to show that only two nests (2.2%) were 
definitely known to have been destroyed by armadillos. Seven cthers de- 
stroyed by unknown predators that may have been armadillos would raise the 
total to 9.7%, which Kalmbach concludes would not seriously affect the birds 
under conditions of reasonable abundance. Because of the conspicuous evidence 
left in the wake of its probing activities, the armadillo is often blamed for the 
misdeeds of more insidious foragers. 

Taber (1945) has studied the armadillo from an ecological viewpoint, 
contributing extensive observations to the previously little-known ecology of 
the species. His field work was supplemented with observations on animals 
confined to pens and cages. The present writer knows of no previous attempt 
to mark armadillos and record the wanderings of individuals in their natural 
environment. Such a technique would be needed to study ecological phenom- 
ena such as home ranges, migrations, and other behaviorisms of the species. 
The desire to mark a number of armadillos and contribute information from 
studies in the wild has led to the work reported here. 

The field work was conducted primarily on the E. C. Gaines Ranch, four 
miles southwest of Austin in Travis County, Texas, from October 18, 1947, 
to October 1, 1948. Intensive study of the armadillo population on the 
Gaines Ranch was supplemented with field observations in Walker County, 
July 24, 1948; Bee County, August 13, 1948; Gillespie County, September 
25, 1948; and Kerr County, September 25, 1948, and February 6, 1949. 


An observational approach was used for assembling data. Armadillos were 
marked and observed as often as possible thereafter in an effort to obtain 
information on their home ranges. 

A marked decline in the armadillo population of the Gaines Ranch be- 
came apparent in the fall and winter of 1947. This fact led to continuation 
of the study to determine the critical limiting factors affecting the species and 
causing the sudden decrease in numbers. Localities east, west, and south of 
Austin, normally well populated with armadillos, were visited during the 
summer of 1948. In each locality typical armadillo habitat was carefully 
watched throughout one night from late afternoon to dawn in an effort to 
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correlate movements of the animals and population density with the condi- 
tions apparent in the Austin area. 


ACKNOWLEDGMENTS 


I wish to express appreciation to Dr. W. Frank Blair for suggesting this problem and 
for assistance in the field. I am indebted to Dr. B. C. Tharp and Mr. C. L. York for 
assistance in the identification of botanical specimens, and to Dr. Harriet E. Frizzell for 
identification of spiders encountered in armadillo burrows. Mr. George C. Menzies of the 
Texas Health Department assisted in the identification of insects and mites. Dr. R. L. 
Livezey and Mr. Henry C. Hahn, Leader of the Division of Wildlife Restoration, Texas 
Game, Fish and Oyster Commission, gave valuable assistance in making nocturnal observa- 
tions of armadillos. I am grateful for assistance rendered by fellow graduate students, 


especially A. G. Flury, W. H. McCarley, C. E. Miller, Jr., J. L. Reagan, and O. P. 
Wilkins. Dr. A. S. Pearse and Dr. W. P. Taylor have critically read the manuscript. 


EcOLoGICAL ASSOCIATIONS 


An experimental area was selected on the E. C. Gaines Ranch, a 2700-acre 
cattle and goat ranch in western Travis County. The area comprised approx- 
imately 295 acres, though the use of irregular natural boundaries made accu- 
rate determination of acreage difficult. It contained areas representative of 
the major ecological plant groupings to be found throughout the ranch, which 
is typical of the eastern Edwards Plateau region. The Gaines Ranch was 
desirable as a site for the study because it is easily accessible from Austin, and 
provided a large colony of armadillos for study. 


The Gaines Ranch lies on the eastern edge of the Balcones Escarpment 
which rises to a height of about 300 feet in the Austin area. It reaches an 
elevation of 600 feet above sea level at the Gaines ranch house. In this region 
the Edwards limestone is maturely eroded and dissected by the valleys of small 
streams forming deep, narrow canyons and draining into the Colorado River. 
Such a stream is Barton Creek in the portion of the ranch selected for ob- 
servation of armadillos. 

Most of the water carried by Barton Creek is direct run-off from the 
steep slopes forming its drainage. In the northern limits of the ranch, nearer 
the source of the stream, are a number of small fissure springs which con- 
tribute to permanent pools. Spring rains normally cause the stream to flow 
continuously in spring and early summer, but two consecutive dry seasons 
had reduced it to a dry bed during the armadillo study. Only for a few hours 
following rainfall did it contain any water at all within the area considered. 

The canyon cut by the intermittent flow of Barton Creek was at most 
points about 150 feet deep. From the floor of the canyon limestone walls 
rose as sheer, nearly-bare cliffs from 10 to 100 feet high. At other points allu- 
vium had been deposited in wider portions of the canyon to form small flood- 
plains. The study area contained one such flood-plain approximately 200 
yards wide by 500 yards long. This was a favored area for the concentration 
of armadillo activity. 

The flood-plain was characterized by the presence of three terraces, each 
about three or four feet above ‘the streamward level. These gave the flood- 
plain a gradual slope from the hills which bounded it to the west. The hills 


19 
so 
we 
ere 
the 
Wa 
tri 
st 
Wa 
ru 
i 
tio 
tal 
ure 
tle 
co 
gi 
se 
Cr 
( 
pla 
r0 
de 
are 
be 
the 
co 
be 
i in 
Sc 
bu 
cal 
con 
bes 
abc 


5 (2) 


ondi- 


serva- 
dents, 


P. 
ipt. 


)-acre 
prox- 
accu- 
re of 
which 

was 
, and 


ment 
an 
egion 
small 
River. 
ir ob- 


1 the 
earer 
con- 


1951 CLARK: ECOLOGY OF THE ARMADILLO 339 


rose abruptly with a slope of 40 to 60 degrees, and were shallowly covered with 
soil formed from weathered limestone. Outcrops of the Edwards formation 
were common along these surfaces, and much of ‘the soil surface was cov- 
ered with boulders which had weathered away from the main formation. On 
the tops of the hills were small deposits of Del Rio clay overlying the FEd- 
wards limestone. Several smaller canyons dissected these hills and served as 
tributaries of Barton Creek. One was chosen as the northern limit of the 
study area and one as the southern boundary. 

The eastern boundary of the area was a cliff forming the eastern canyon 
wall of the main creek. It varied from 10 to 50 feet in height and rose ab- 
ruptly at an angle of 80 to 90 degrees. At its base were numerous talus 
slides and deep black soil formed from the weathered limestone in combina- 
tion with a quantity of alluvium. Armadillo burrows were concentrated in the 
talus. 

A map of the area, drawn from aerial photographs, is presented as fig- 
ure 1. 


PLANT COMMUNITIES 


Five recognizable plant groupings, that may properly be called communi- 
ties, appeared as more or less distinct units. The plant components of each 
community seemed to exert some influence on the armadillo population. Be- 
ginning at the creek bed and ascending, the communities were as follows: 


1. Platanus-Cephalanthus Community——This was an heterogeneous as- 
semblage of seasonal plants and a few trees growing in the dry bed of Barton 
Creek. Most permanent and characteristic of this community were sycamores 
(Platanus occidentalis) and button bushes (Cephalanthus occidentalis). Other 
plant species which gave this community a peculiar character were: Dichro- 
phyllum margiratum, Poinsettia dentata, Cardiospermum halicacabum, Gaura 
parviflora, Cuscuta sp. (on Dianthera), Heliotropium tenellum, Solanum 
rostratum, Dianthera americana, Helenium microcepha!um, and Leptilon cana- 
dense. The plant names used in characterizing this and other communities 
are those recognized by Small (1913). Authorities for the several names will 
be found in this manual. 


2. Quercus-Viburnum Community.—This community was restricted to 


the steep, eastern bank of Barton Creek. It was differentiated from the plant 
community of the western bank chiefly by virtue of its protected exposure and 
better drainage. There armadillos found burrow construction an easy task 
in the softer strata of the limestone cliff. The plant growth formed a thicket. 
Sctubby live oaks (Quercus virginiana) predominated, with black haws (Vi- 
burnum rufidulum) as the principal plants of the understory. Other ecologi- 
cally important plants of this community were: Ptelea trifoliata, Tithymalus 
commutatus, Schmaltzia lanceolata, Rhus toxicodendron, Ilex decidua, Ilex 
vomitoria, Ungnadia speciosa, Callicarpa americana, Campsis radicans, Ver- 
besina virginica. 


3. Carya-Celtis Community.—This was the first of several terraces rising 
above Barton Creek from the western bank. Pecan trees (Carya pecan) were 
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most characteristic of this bottomland community. Associated with the pecans 
as co-dominants were hackberries (Celtis miussissippiensis), and these were 
almost equally abundant. A multitude of shade-tolerant seasonal species 
thrived under the tree canopy, but by far the most important plant of the 
lowermost aspect of the community was the ice-weed (Verbesina virginica). 
Ice-weeds were present in numbers from the beginning of the growing season 
until killed by the first hard freeze late in the fall. They supported a huge 
grasshopper population, and armadillos were occasionally observed catching 
grasshoppers in this area. The pecan trees and others with spreading root 
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Fig. 1—Experimental area selected for study of armadillo home ranges. 
Heavy line outlines the 295-acre area. 
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systems provided overhead pzotection for several burrows, and the deep 
litter and leaf-mold under the trees provided a moist medium in which the 
armadillos probed for food. The following plants were conspicuous members 
of this community and served to effect its characterization: Tillandsia re- 
curvata, Smilax bona-nox, Argemone delicatula, Ptelea trifoliata, Thamnosma 
texana, Cnidoscolus texanus, Ditaxis humilis, Aesculus pavia, Bumelia lan- 
uginosa, Nemophila phacelioides, Phacelia congesta, Myosotis virginica, Onos- 
modium bejarense, Lamium amplexicaule, Bromus catharticus, Poa annua. 


4. Quercus-Ulmus Community—The trees of this community were 
widely spaced. They were primarily Texas oaks (Quercus texana) and elms 
(Ulmus crassifolia). Most of the terrain was exposed to direct sunlight and 
supported numerous species of grasses and herbs. The soil of the community, 
confined to the second and third terraces of the creek, was deep, sandy al- 
luvium. This facilitated armadillo burrowing and probing. Activity of the 
animals was largely confined to areas of accumulated debris beneath trees and 
to small thickets of secondary growth, principally Mexican persimon (Brayo- 
dendron texana). Other plants present were: Berberis trifoliata, Sedum nut- 
tallianum, Baptisia leucophaea, Medicago hispida, Lupinus subcarnosus, 
Krameria secundiflora, Mimosa borealis, Prosopis glandulosa, Croton monan- 
thyogynus, Tragia ramosa, Ilex decidua, Aesculus pavia, Callirrhoe involu- 
crata, Opuntia lindheimeri, Hartmannia speciosa, Asclepias lindheimeri, Phlox 
roemeriana, Phlox tenuis, Salvia roemeriana, Solanum eleagnifolium, Plantago 
rhodosperma, Aristida longiseta, Aristida purpurea, Bouteloua rigidiseta, 
Buchloe dactyloides. 


5. Juniperus-Forestiera Community—This community, on the 45-degree 
slope of the hill bounding the valley of Barton Creek on the west, was almost 
exclusively a dense disclimax of cedar (Juniperus mexicana). The vegetation 
was made more dense and almost impenetrable by an undergrowth of devil’s 
elbow (Forestiera pubescens). These two plant species effectively characterize 
the community. Other plants were present but widely scattered. The soil of 
the slope was a dark loam of variable depth and rich in humus. Much of the 
surface area was covered with boulders in the process of weathering. 

Several armadillos dug burrows on ‘this slope under the protective cover 
of huge boulders or tree roots. Some were seen feeding in catchments of 
leaves and humus about rocks and tree roots, but most armadillo foraging 
was concentrated in the lower levels. 


MARKING TECHNIQUE 


No previous attempt to mark armadillos for a stu~y of their home ranges 
has been repored. Taber (1945) states that he marked three young arma- 
dillos, all members of the same litter, with Biological Survey bands to be 
able to recognize them if seen again. He accomplished this by punching a hole 
in the pelvic shie'd of the carapace just above the right hind leg and binding 
the band through this opening. Apparently these bands were securely fast- 
ened and had no harmful effect on the armadillos, but they could not be 
used to identify an animal without first capturing it. 
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To facilitate study of armadillo home ranges a marking system employing 
large painted numerals was desired to make positive identification possible 
without necessitating capture of individuals. Enamel was tested and found 
uns2tisfactery. The armadillo usually ran into its burrow when released, 
smearing the paint into an unrecognizable blurr. A quick-drying lacquer 
(James B. Day No. 962, deep yellow) was tested with satisfactory results. 
The wziter found that he could hold a captive armadillo with one hand 
while the other was used to apply the numeral to the dorsal aspect of the 
pelvic shield of the carapace with a small paint brush. Within two minutes 
the lacquer was sufficiently dry to prevent the adherence of particles of leaves 
or earth. The animal was ‘eleased at the exact point of capture and observed 
as it moved away. A large stone was lacquered with the same numeral to 
serve as a reference point: 

Bright yellow lacquer was used in marking the armadillos, for it seemed 
to show the greatest contrast with the greens and grays of th> environment. 
Often these yellow numezals called attention to an armadillo that might other- 
wise have been overlooked. 

The lacquered numerals remained conspicuous for considerable periods 
of time. One adult female armadillo was observed on January 9, 1948, 40 
days after marking on November 30, 1947, with the numerals still visible and 
recocnizable from a distance of 100 feet. Environmental factors probably 
caused the disappearance of armadillos from the study area before the last- 
ing qualities of the lacquered numerals had been completely dezermined. It 
seems reasonable, however, to expect them to remain readable from a distance 
for as long as three or more months. 


Home RANGES 


Methods—Wherever it can be employed, the observational approach to 
the study of a wild animal offers certain advantages over trapping methods 
more generally usec. The armadillo is an exce'lent subject for study by direct 
observation. It is a slow-moving mammal that can be easily observed and 
followed by one familiar with its habits and habitat preferences. Often ar- 
madillos seem to be completely oblivious to the presence of a man only a 
few feet away, ana -o-tinue to forage without exhibiting any indication of 
alarm. 

By allowing the animals complete liberty at all times their normal rou- 
tines were free from interference. This necessitated close observation, but 
an element of accuracy was preserved which is often destroyed where traps 
are used. The time of foraging was noted as well as the extent of the daily 
wanderings of anima!s in the area under observation. 

Eleven armadillos were captured and marked during the home range 
study. Seven were males and four were females. Two of the females and four 
of the males were not observed after they had been caught and marked. 


The following methods were adopted as standard procedure: 


1. Armadillos seen in the course of routine surveys of the area were 
caught and marked. Capture was accomplished by sneaking up on the 
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creature while it was probing, or, if in open terrain, by simply running it 
down. On some occasions an improvised net was used, but this was not reli- 
able. Several animals probed under the rim of the net and escaped before 
they could be grasped. The net slowed pursuit in dense brush and was soon 
abandoned altogether. 


2 Marked armadillos seen in the course of area surveys were not dis- 
turbed. The point at which each animal was seen was marked and the dis- 
tance to the point of original capture and marking stepped off. A compass- 
angle was used for the determination of direction. 


3. The area was checked in the afternoons, as regularly as possible, from 
October 18, 1947, to February 15, 1948. Thirty routine surveys were made 
during the period designated. 


4. Each observation of a marked armadillo was charted on coordinate 
paper. By connecting the outermost points of the range of each animal with 
straight lines its known home range was designated. From these diagrams the 
area of each home range was calculated. Using an established scale, all squares 
completely contained within the diagram were counted and multiplied by 
the area represented by a single square. Those squares only partially con- 
tained within the diagram were counted and multiplied by half the area of 
each. By adding the two figures the known home range of each armadillo was 
determined in square feet and converted into acres. 


Home Ranges.—Data from observations on the movements of four of 
the marked animals are sufficient to permit calculation of their known home 
ranges. It was possible to observe the armadillos only during hours of day- 
light, but they were certainly active during at least a portion of the night. 
For this reason the data presented may represent a slightly inaccurate appraisal 
of their home ranges. On the other hand, the repeated observation of the 
same individuals in relatively small areas which they habitually frequented 
has led the writer to believe that the recorded home ranges of those arma- 
dillos are more nearly accurate than can be presumed on the basis of limited 
opportunity for observation. 

Each of the four armadillos for which home ranges have been calculated 
was seen four or more times within a period of no more than 28 days after 
capture and marking. Their overlapping home ranges are shown in figure 2. 

Armadillo 4 was an adult female caught and marked on October 24, 
1947. It was seen nine times within the next 28 days. The limits of its range 
during this period were 153 feet southwest and 810 feet north-northwest of 
the reference point. Its known home range during this period was 385,000 
square feet (8.38 acres). On November 29, 1947, the same animal was seen 
426 feet south-southeast of the reference point, but took refuge in a newly 
excavated burrow 125 feet away. It appears that it had established residence 
in this new burrow and changed the area of its home range to some extent. 

Armadillo 5 was an adult male caught after it had crossed Barton Creek 
from the live oak—black haw community and entered the pecan bottomland. 
This armadillo was seen four times within the next ten days and was 


were 
the 


344 THE AMERICAN MiIpLANpD NATURALIST 46 (2) 


not seen again. The extreme limits of range for this individual were 1035 feet 
south, a week after marking, and 900 fee: west-northwest of the reference 
point, where it was seen two days later. Its home range has been calculated 
as 520,000 square feet (11.94 acres). 


Armadillo 8 was an adult male that was pulled from a burrow on Novem- 


Fig. 2.—Overlapping home ranges of four armadillos. Numbers refer 
to marked individuals discussed in text. 


‘ ~ 
‘ 
‘ 
‘ 
| ‘ 
| \ ~ 
| 
| 
| 
| 
| 
‘ 
| 
\ 
\ 
\ 
> | ‘ 
4 
| ‘ 
‘ 
. \ 
. ' } 
| | 
‘ 
| 
| 
| 
| ‘ 8 
A 4 | 5 1 | 
; \ ‘ | 
‘ 
} \ ‘ | | 
} i | 
\ | | 
| \ | 
| | 
| 
| 
\ 
| \ a \ | 
A oo cue gt 


1951 CLARK: ECOLOGY OF THE ARMADILLO 345 


ber 7, 1947. It was seen eight times within a period of 28 cays. Throughout 
this period it ranged progressively farther to the north, until on December 6 
it was 1719 feet north of the reference point. Its home range was 230,000 
square feet (5.28 acres). 

Armadillo 9 was an immature male caught a few feet from the burrow 
it was inhabiting on November 14, 1947. It was observed once again on that 
date and twice on November 16. Before capturing and marking this animal 
the writer had seen it several times but had been unable to seize it before it 
reached its burrow. On these occasions is was always very close to the bur- 
row, which supports the calculation of its home range as only 30,000 square 
feet (.69 acre). On one occasion it was observed for more than hour as it 
leisurely probed over a very small area, never more than 100 feet from the 
burrow. 

The average home range for the three adult animals was 8.52 acres. 
Armadillos on the Gaines Ranch were particularly active during the months 
of the home range study. This may have been caused by the extreme 
weather conditions. Most of central Texas had been suffering from a sustained 
drought for several months. The desiccated environment had presumably 
reduced the numbers of invertebrates available to the armadillos by killing 
some and forcing others into deeper, damper levels. This supposition is sup- 
ported by several observations. 

Armadillos were seen feeding above ground very early after noon. They 
were regularly observed at about 2:30 P. M. during the month of October, 
1947. In subsequent months their numbers diminished until by February 15, 
1948, they had disappeared from the study area. An adult male (No. 10) 
captured November 16, 1947, was in a very emaciated condition, and was so 
franticly probing under a rock that it made no effort ‘to escape when ap- 
proached. When released it walked away very slowly and was never seen 
again. The extension of daily feeding periods (which normally begin at about 
5:00 P. M.) by several hours and the observation of emaciated individuals 
indicate their difficulty in securing food. During a more normal season the 
home ranges of armadillos in the eastern Edwards Plateau region would prob- 
ably have been smaller than those reported here. 

There was apparently no intraspecific antagonism among the armadillos. 
On November 16, 1947, three of the creatures (Nos. 4, female; 8, male; 9, 
juvenal male) were seen feeding very close together, two of them almost 
side by side. Not one of these seemed to exhibit any concern over the near- 
ness of the other two. The overlapping ranges of several individuals is further 
evidence of peaceful social behavior (fig. 2). Armadillos of this and other 
ateas studied have never shown even a tendency to manifest territoriality as is 
known for birds. 


Burrow EcoLocy 


When daylight observation of the movements of armadillos on the 
Gaines Ranch were no longer possible, their burrows were chosen as a focal 
point for continuation of the ecological study. Some armadillos were certainly 
still using the flood-plain area, for after short periods of moderate weather 


46 (2) 
5 feet 
ference 
ulated 
ovem- 
| 
‘ 
| 
| « 
| 
| 
| 
| 


346 THE AMERICAN MipL_anp NATURALIST 46 (2) 


their pro!es were occasionally evident in the litter under the pecan trees. The 
animals must have confined their feeding periods entirely to hours of darkness, 
for, though the area was still regularly surveyed, not a single armadillo was 
actually seen between January 22 and October 1, 1948. In addition, some of 
the burrows were still being visited by armadillos, as evidenced by conspicuous 
trails and tail-drags leacing to them and the fact that their entrances were 
free of spider webs. A burrow was considered deserted and out of use if its 
entrance was found draped with spider webs. 

The excavation of a number of armadillo burrows was undertaken to de- 
termine whether most of the animals, once numerous on the ranch, had died 
in their burrows, were holed-up there in a semi-dormant state, or had moved 
out to some other area more capable of supporting them. Vertebrate occu- 
pants of the burrows were identified as they were driven out, and the nests 
of armadillos were collected, sealed in bags, and later examined for inve-tebrate 
occupants. 

Taber (1945) has reported on the general nature of armadillo burrows. 
He recorded opossums, cottontail rabbits, cotton rats, striped skunks, and 
burrowing owls among the occupants of 15 armadillo burrows excavated in 
Chambers County, Texas, on the coastal plain. No previous attempt to 
analyze the structure of a series of burrows in one area and soil type has been 
reported. 

The structure of armadillo burrows probably depends upon the depth and 
texture of the soil in which they are dug. In the eastern Edwards Plateau 
region colonies of armadillos are almost invariably situated along stream 
banks where deposits of alluvium have accumulated, or in the vicinity of lime- 
stone cliffs where cracks and crevices in the rapidly-weathering strata afford 
many excellent sheltering and nesting retreats. The latter are often very 
extensive, and virtually all are impregnable to one who would expose them. 
Little of a definite nature can be said with regard to the numbers of arma- 
dillos and other vertebrates sheltered within their depths. Tracks at the 
entrances indicated the use of these natural dens by raccoons (Procyon), 
skunks (Mephitis), and ring-tails (Bassariscus), as well as some armadillos. 


Burrow Structure—Twenty-two burrows were excavated in the alluvial 
deposits on the Gaines Ranch and four on the Covert Ranch, three miles 
south in similar terrain. Several features of each burrow were recorded and 
have been averaged in an attempt to discover any trends in burrow construc- 
tion and occupants that may stand out as characteristic. 

Leading into the 26 burrows were 33 entrances. One burrow was equipped 
with four entrances, one with three, and two with two entrances. All others 
had but a single entrance. The average diameter of these was 8.8 inches, vary- 
ing from one of 20 inches to several of six inches. This variation in the diam- 
eter of the entrances may be attributed to: the age of the burrow; frequency 
of its use by armadillos and other mammals; the degree of reinforcement with 
tree roots, rocks, or other materials; soil texture, or the angle of the slope on 
which the burrow was constructed. In most cases a combination of several 
of these factors probably influenced the rate of enlargement of the burrow 
entrances. 
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ees. The There seemed to be no significant tendency for the animals to locate their 
darkness, burrows with reference to any particular exposure. 
lillo was The average length of 29 burrows involved in the 26 burrow systems was 
some of found to be slightly more than four feet (49.8 inches). These varied from 
spicuous | one that was 15 feez long (180 inches) to a te2-inch burrow. Thirteen bur- 
ces _wete row systems led to nests in enlarged chambers, and the average length of 
ise if its these burrows was 70.5 inches The remaining 13 burrows had no nests at 
their terminal limits. Their average length was only 35.8 inches. It was readily 
n to de- seen that -urrows constructed and used as de2s during periods of inactivitv 
ad died were considerably more extensive than those dug for other purposes. 
| moved The average vertical depth underground to the nest chamber or other ter- 
= mination was calculated to be 20 inches. One nest chamber was five fee: below 
ne nests the surface. A surface nest was located on a creek bank on the Covert Ranch. 
-tebrate The latter was protected by an accumulation of water-borne debris. 


Burrows averaged 6.9 inches in diameter beyond their entrances w:zh little 
variation. Nest cavities averaged 13.5 inches in diameter with extremes of 12 
and 20 inches. Most of the chambers were slightly more than 12 inches in 
diameter. 

Seventeen burrows turned at an angle of appropriately 45 degrees either to 
the right or left a foot or more beyond the entrances. Most of them (11) 
turned to the right and then continued to descend gradually to the nest or 
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termination in a fairly straight line. Burrows not exhibiting the characteristic 
turn were very short ones and contained no rests. 


Vertebrate Occupants.—Only one of the 26 burrow systems contained a 
vertebrate animal. This one was a half-grown cottontail rabbit that was oc- 
cupying the deepest burrow excavated. No armadillos were found residing in 
the burrows that were obviously being visited, nor were any skeletons or de- 
composing bodies found in the nest chambers or underground passages. 


The population of the colony had probably been reduced by migrations, 
and the individuals remaining in the area had, perhaps, found the moist, nat- 
ural dens in the limestone walls of the canyon preferable to the desiccated 
burrows of the flood-plain. During the spring and summer months of 1948 
the few armadillo runways that were observed were concentrated about the 
dens in the cliffs. 

An interesting observation of burrow relations between an armadillo and 
a skunk (Mephitis) was made on February 6, 1949, while the present writer 
was making field observations in Kerr County, Texas, about six miles south 
of Kerrville. Shortly after 5:00 P. M. an armadillo was seen feeding on a 
hillside near a limestone outcrop. An unsuccessful attempt was made to 
capture the animal. It entered a deep burrow under the limestone, where it 
could be heard rustling amongst the debris of the nest. A few moments later 
a skunk emerged from the burrow entrance and hurried away. 

It was interesting to note that the armadillo was apparently capable of 
evicting the skunk from the burrow. No odor issued from the burrow to in- 
dicate any resistance or defensive behavior on the part of the skunk. 


Insect Occupants——As the burrows of armadillos were exposed through- 
out their length and critically examined several insect species of moderate size 
were frequently encountered. The accumulations of plants parts in the nest 
chambers were, however, the source of most insects collected. 


Camel-crickets (Ceuthophilus sp.) were the most common insects in most 
of the burrows. Some burrows contained such masses of these orthopterans that 
their abundance might better have been calculated by quart measure than by 
actual count or estimation of numbers. They were certainly present by the 
thousands. There can be little doubt that the armadillos fed on them to a large 
extent. 

On one occasion the writer watched an armadillo enter a relatively shallow 
burrow, apparently seeking the insects. So many camel-crickets were present 
that hundreds emerged from the burrow entrance as the movements of the 
armadillo stirred them into activity. One would scarcely be incautious to con- 
clude that the insectivorous armadillo was devouring many of the crickets. One 
burrow of considerable length was so populated with camel-crickets that the 
last 11/4, feet of the burrow was almost a solid mass of the hopping creatures. 


Several burrows contained hordes of resting adult mosquitoes. These were 
identified as Psorophora ferox. 

The writer had been cautioned to be ever alert for reduviids of the genus 
Triatoma, vector of Chagas’ Disease and known to be an inhabitant of arma- 


46 (2) 


teristic 


ined a 
vas 
ling in 
or de- 


ations, 
Nnat- 
ccated 
1948 
ut the 


o and 
writer 
south 
on a 
Je to 
ere it 
later 


le of 
‘© in- 


size 
nest 


most 
that 
1 by 

the 


arge 


low 
sent 
the 
-on- 
the 


res. 


nus 
na- 


1951 CLARK: ECOLOGY OF THE ARMADILLO 349 


dillo burrows from other studies (Wood, 1941). Though several reduviid, 
were collected by turning over rocks in the immediate vicinity of the burrows, 
not one was ever actually seen in a burrow. 

Armadillo nests were promptly collected as soon as enough earth had 
been removed from above them to faciliitate the removal of the matted litter 
in one unit. This was grasped between both hands and quickly thrust into a 
25-pound paper sack. To prevent the escape of small specimens the opening 
of the sack was closed, folded twice, and secured with a number of staples. 
The nests so collected were taken to the laboratories of the Texas Health De- 
partment where the organisms were separated from the debris with a Berlese 
funnel. 

Specimens collected from the armadillo nests were sent to the U. S. Na- 
tional Museum for determination and representatives deposited there. Some 
of the organisms were so immature that they defied identification beyond the 
appropriate family designation. The ant, Monomorium pharaonis, was pro- 
nounced an unusual find from the nest of an armadillo. It is noted for its 
house-infesting habits. 


A list of insects from the nests follows: 


Elateridae Cryptophagidae 

Melanotus sp. Cryptophagus sp. 
Malachiidae Fulgoroidea 

Genus unknown Issidae nymph (immature) 
Tineidae Formicidae 

Genus and species unknown Monomorium pharaonis (L.) 
Phaeothripidae workers 


Adraneothrips sp. 


Other Arthropod Occupants—Most of the minute arthropods collected 
from plant material in armadillo dens proved to be arachnids. The spiders and 
mites were particularly well represented by a number of genera and species, 
several of which are new. 


The mites listed here were represented in the collectios: 


Nanhermanniidae Lordalychidae 
Nanhermannia sp. (n. sp.) Genus and species? 
Epilohmanniidae Rhagidiidae 
Epilohmannia sp. Genus and species? 
Palaecaridae Lohmanniidae 
Palaecarus sp. (rare) Lohmannia texana Banks 
Oribatulidae Galumnidae 
Scheloribates sp. Galumna sp. 
Haplozetidae Phthiracaridae 
Haplozetes sp. Oribotritia sp. 
Oribatoidea—Erimaeidae Laelaptidae 
Genus and species? Genus and species? 
Pediculoididae Oribatoidea—Belbidae 
Genus and species? Genus and species? 


Glycyphagidae 
Genus and species? 


3 
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The only dangerously venomous spider of North America, the black 
widow (Lactrodectes mactans) was a common inhabitant of the burrows. 
Other, less conspicuous forms were colleczed by hand or segrated from the 
funnelled matezial. A list of these identified follows: 

Hahnia sp. (n. sp.), males and females (cf. flavipes Em.) 

Microneta sp., female 

Cicurina sp., female (cf. varians Gertsch and Mulaik) 

Cicurina sp., female (cf. minorata Gertsch and Davis) 

Agelena sp., immature female (probably A. texana) 

Tetragnatha sp., male 

Schizicosa sp., (cf. crassipes Wolck.) 


One chilopod, Scutigera forceps, was particularly prominent in several col- 
lections. 


ARMADILLO NEstTs 


Taber (1945) has discussed the structure of armadillo nests. They are 
simply masses of vegetative debris, gathered by the animals when dry, and 
stuffed into the nesting chamber of the burrow. Into the center of this mass 
of material the armadillo pushes its way. The dry litter is probably most 
valuable to the creatures as an insulating device to retard the loss of body 
heat while in the burrow. 


Armadillos lack the thick covering of hair characteristic of most mammals 
and are extremely sensitive to cold. Captive animals taken out of doors into 
50-degree temperatures shivered violently. The utilization of litter is, therefore, 
a necessary adaptation of the species to the colder seasons of temperate cli- 
mates. They remain quite secure from the effect of cold in their insulated 
nesting chambers. The effect of prolonged spells of sub-freezing weather, 
which prevent them from necessary foraging, is often considered a limiting 
factor to the northerly extension of the range of the species in the United 
States. 

One of the armadillos caged by Taber (1945) demonstrated the manner 
by which the nesting material was transported into the burrow. The present 
writer was able to observe an adult female carrying nesting material toward the 
burrow in a completely natural situation on the Gaines Ranch on November 
29, 1947. 

At 4:00 P. M. a north wind had begun to blow and the temperature was 
dropping rapidly. At that time the animal was seen about 30 feet uphill from 
its burrow. It held a mass of leaves, grasses, and twigs against its belly and 
hind legs with the fore-legs, and was progressing downhill toward the bur- 
row by hopping backwards. The following account of its action is quoted 
from field notes made on the spot. 


“Half-erect, with the tail elevated a bit, it took two backward hops which 
carried it about a foot nearer the burrow. Moving off course a bit with each 
maneuver, it paused, reoriented itself, and then took two more backward 
jumps ‘toward the burrow. Each jump carried the animal an inch or so into 
the air and was made solely with the hind feet. The course of the journey to 
the burrow was somewhat zig-zag because of the deviation from course with 
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each backward leap. The tail seemed to be used as a tactile organ to feel out 
the way before moving farther. 

“The bundle of litter carried was about as much as a man can easily grasp 
between two hands, and consisted of Texas oak leaves, grasses, and a few 
twigs. The old debris from the burrow had been piled in front of the burrow 
opening. 

“About ten feet from the burrow entrance the animal saw me and sensed 
danger. It froze for a moment, but only a moment, before abandoning the 
load of bedding and dashing madly for the burrow. Stopping at the entrance, 
it reared up on its hind legs, tested the air with its nose, and, after about 
a minute, walked slowly into the burrow. Fifteen minutes passed and it did 
not reappear, but could be heard moving about in the depths of the burrow.” 

The site of the foregoing activity was checked early the following day and 
the mass of material the armadillo had been carrying was gone. Presumably, 
it had been retrieved and carried into the burrow. 

Masses of decomposing leaves and twigs often found at the entrances 
to much-used armadillo burrows indicate that they find it necessary to re- 
plenish or replace the bedding with dry material at frequent intervals. Seem- 
ingly, they remove a large portion of old material from the nest chamber 
before carrying in a new supply. 


PLANT RELATIONS 


Though armadillo stomachs analyzed by Kalmbach (1944) contained 
small amounts of plant material, it was thought to have been ingested acci- 
dentally. In truck-farming areas armadillos may sometimes damage over-ripe 
tomatoes and muskmelons (Aldous, 1936). Their few teeth are so primitive 
in structure that efficient grinding of green vegetation would be impossible. 
They are not ordinarily considered herbivores. There are, on the other hand 
certain manifest relations between armadillos and plant growzh that are salient 
features of thteir ecology. 

Colonies of armadillos are usually located in areas supporting dense plant 
growth. This provides valuable protective cover. The bony, scale-covered cara: 
paces of the animals are highly adapted to rapid movement through dense 
or thorny plant growth. Only when aided by such an environment can they 
outrun pursuers. An able man can easily outrun an armadillo in open, level 
terrain. In thorny or wiry underbrush such as blackberries (Rubus), devil’s 
elbow (Forestiera), Mexican persimmon (Brayodendron), and others of sim- 
ilar growth habit the armadillo has a distinct advantage which usually allows it 
to reach its burrow and comparative safety. Armadillos, therefore, tend to 
congregate in areas supporting brushy growth, and much of their probing is 
concentrated in areas shaded by such vegetation. 

The roots of trees also benefit the animals by reinforcing their burrows and 
preventing excessive erosion. Very few burrows, other than those protected by 
rocks, were observed without the protection of a stump or some of the sup- 
porting roots of a tree. 

Plant parts are used by armadillos in the construction of their nests. 
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Though they seem to be content with whatever dry vegetation is provided by 
their habitat, they are dependent upon having a quantity of leaves or dry 
gtasses available. 

ORIENTATION 


On many occasions while observing movements of armadillos feeding in 
the wild the writer was impressed with their uncanny ability to be always 
perfectly oriented with relation to the home burrow. When surprised or dis- 
turbed most of the animals first rose on ‘their hind legs, sniffed the air, and 
looked in all directions for the scurce of the disturbance. Then they ran 
directly to the burrow most frequently used. Armadillos were often observed 
which ran more than 100 yards to the favored burrow, passing other, shallower 
burrows on the way. 

To test the ability of armadillos to recognize their surroundings after 
being held captive for a period of time a simple experiment was performed. 
An adult, male armadillo was captured on October 31, 1947, and placed in 
the luggage compartment of an automobile. It was kent there for 24 hours 
while the car was driven from place to place. Exactly cne day after its cap 
ture that individual was taken back to the point of capture and there re- 
leased. Its behavior was closely observed as it moved away. 

It trotted slowly to a point about ten feet away and began to circle the 
observers in a counter-clockwise direction. By the time a half-circle had been 
completed it was about 30 feet away. It had kept its muzzle pressed to the 
ground and moved very slowly. At that point it seemed to sense something 
familiar and halted for a moment. Then it increased its gait to a running 
lope and went straight to a hole under the fence that enclosed the area, the 
only available way out. It continued to follow the same course downhill to- 
ward the creek bottom, and passed out of sight when about 50 yards away. 

There can be little doubt that that animal was completely lost when first 
released. When it sensed its relative position it lost no time in making its 
escape complete. 


FEEDING HaBits AND MANNERISMS 


Feeding —The natural foods of armadillos have been adequately discussed 
by Kalmbach (1944). His annalysis of 169 stomachs concludes that 93.3% 
of the stomach contents were essentially animal. Insects constituted 77.6% of 
the contents. They are generally considered the preferred food of armadillos. 
Only 1.6% of the stomach contents were traceable to vertebrate forms. These 
were primarily small amphibians, reptiles, and their eggs. 

Newman and Baker (1942) have submitted observational evidence that 
armadillos may feed on the helpless young of mammals. They observed an 
armadillo feeding on three young cottontail rabbits. 

Captive armadillos brought into the laboratory by the present writer readily 
ate carcasses of birds that had been discarded after their skins had been pre- 
pared as specimens. The carcass of a robin (Turdus migratorius) dropped 
in front of a confined adult armadillo was immediately devoured. The viscera 
were eaten first from the opened abdominal cavity. Pieces of flesh were torn 
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while the carcass was held in place with the forefeet. Bones were easily crushed 
between the teeth. Within 15 minutes the entire carcass had been eaten. Not 
a vestige remained. Two other carcasses were eaten in similar fashion. 


During th severely dry fall of 1947 armadillos on the Gaines Ranch ap- 
parently attacked and destroyed the paper nests of certain wasps (probably 
Vespula sp.) for the succulent larvae and pupae they contained. The nests 
of the wasps were located in underground chambers which communicated with 
the outside through small openings two to three inches in diameter. The paper 
nests were usually attached to the base of a small tree or bush. Several times 
these chambers were found broken open and the paper nests ripped apart and 
scattered about. All the larvae and pupae had been removed from the nests. 
Tell-tale foot and ‘tail prints in freshly loosened earth linked the deeds to 
armadillos. 

Armadillos seemingly require water. The presence of thriving individuals 
far from free water in semi-arid areas has led to controversy on this subject. 
Perhaps, in the absence of free water their natural foods supply enough moist- 
ure to meet their requirements. Observations on the Gaines Ranch have led 
the present writer to conclude that this may be true for periods as long as 
one month. During the study of armadillo home ranges rainfall was negligi- 
ble (.02 inches). There were no pools nor springs to supply water, yet the 
home ranges of at least four armadillos were apparently confined ‘to the 295- 
acre area for at least 28 days. The only permanent water on the ranch was 
over a mile to the north. When this was visited in late afternoons armadillos, 
apparently resident nearby, were observed to approach it and drink. 

Three armadillos that had been confined for two days without food or 
water were taken out of doors and liberated near a pond. They went at once 
to the water and drank continuously for several minutes. When their thirst 
was quenched they began to probe for food. 


Feeding Mannerisms.—An armadillo begins to feed at the entrance to its 
burrow. It emerges slowly from the sheltering burrow and usually rears up 
on its hing legs several times to test the air for the scent of possible danger. 
Once assured that it is safe to venture forth, it begins to probe in the debris 
nearest the burrow. Then it begins its erratic wandering. Seldom does it ap- 
pear to have any particular destination in mind as it moves about, unhurried, 
in its thorough search for insects on and under the ground. It turns fre- 
quently to one side or the other, keeping its muzzle pressed close to the sur- 
face of the ground. The trail of a feeding armadilio may easily be followed 
by the deep furrow which it breaks through leafy debris with its plowing 
muzzle. Certain areas, apparently most productive of food items, are frequent- 
ly thoroughly uprooted by these foraging maneuvers 


The sense of smell seems to be the most acute of the armadillo senses, 
and this it appears to use to locate its food. Once an armadillo locates an in- 
sect it loses no time in going after it. First it roots in the substratum with its 
sensitive muzzle. Should it fail in this attempt to reach the insect, the sharp, 
stout claws of the forefeet are brought into play to dig it out. Occasionally 
the animal grunts, pig-like, as if satisfied with what it has found. 
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The wanderings and probing activities of an armadillo make a great deal 
of noise, for it takes no precautions to avoid rattling dry leaves and snapping 
twigs. It seems to have few natural enemies that would be attracted by its 
reckless plunging progress. If an armadillo were more careful to progress 
quietly one would see very few except by the merest chance. Its gray armor 
blends well with crepuscular shadows, making the animal easy to overlook 
when not in motion. 


Perhaps realizing that it is noisy, an armadillo frequently halts its prob- 
ing to rear up on its hind legs and survey its surroundings. Braced erect on 
tail and hind legs, its delicate, sensitive nose quivers as it turns its head from 
side to side in an attempt to scent any danger that may be imminent. 


The large ears seem to indicate fairly reliable auditory ability. One has 
only to step on a dry branch or kick a pile of dry leaves to alarm the animal. 
If, however, it has its head buried in the soil while probing iz will tolerate 
considerable disturbance. When so occupied armadillos are easily captured. 


When thoroughly alarmed an armadillo loses no time in making its way 
to the safety of the burrow by the route offering greatest protective cover. The 
apparent ability to remain perfectly oriented has been described in a previous 
section. If an individual is surprised far from its burrow it may seek shelter 
under a pile of brush. On the Gaines Ranch numbers of cedar trees had been 
cut for fence posts and in clearing operations. The trimmings from these 
had beea piled where they were dropped and afforded protective cover for 
the animals. Several armadillos ran under those brush piles, crouched on the 
ground, and remained immobile. Until they were touched or the brush vigor- 
ously shaken they would not budge from the tangled piles of boughs. 


Several times the writer has noticed that when hard-pressed and scam- 
pering as rapidly as possible armadillos made an audible buzzing noise much 
like that associated with an active swarm of bees. Such vocalization was not 
heard from any but completely terrorized individuals. 


Factors LIMITING SURVIVAL OF POPULATIONS 


A variety of factors probably exercise a limiting influence on local popu- 
lations of armadillos in severely critical seasons. Az the northern limit of 
range sustained periods of severe cold seem to be regarded as most important 
(Kalmbach, 1944; Newman, 1913; Taber, 1939, 1945). Within the estab- 
lished range of the species, however, temperature relations seem to be of sec- 
ondary importance. 


The population on the Gaines Ranch had reached a high peak by the 
fall of 1947 in spite of a serious deficiency in rainfall which had severely af- 
fected the range and agricultural lands of central Texas. That the armadillos 
were experiencing difficulty in finding food was attested by their appearance 
above ground as early at 11 A. M. Further evidence to substantiate this theory 
was added with the finding of emaciated individuals barely strong enough to 
stand by themselves. Mr. Henry C. Hahn told the writer about the capture 
of numbers of emaciated armadillos in the vicinity cf Fredericksburg, Texas, 
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in Gillespie County. The animals were too weak to escape from the open bed 
of a pick-up truck. 

From January 22 to October 1, 1948, no armadillos were seen o1 the 
Gaines Ranch. Surveys of the area were still in progress, as the burrows were 
being excavated during that time. On several occasions it was closely watched 
from sundown to approximately midnight, but no armadillos were seen on the 
move. There can be little doubt that the population of the established colony 
had teen reduced by the effects of some environmental factor. The far-reach- 
ing effects of severe and prolonged aridity were indicated as the indirect 
cause of the population decline. 

Mr. Henry Hahn fave ‘he writer permission to publish the following ac- 
count of an armadillo kill record to emphasize the population decline as it 
occurred generally over the eastern Edwards Plateau region. 

Mr. Henry Hahn gave the writer permission to publish the following ac- 
County, reports that he and his son kept a record of the armadillos they 
killed in the course of their work on the ranch. Only those armadillos ‘zhat lay 
dead on the ground were counted. Some were shot but ran for their burrows. 
These were not counted. On many occasions they saw armadillos but did not 
kill any, since they did not always carry a rifle. In 1946 they killed 269 arma- 
dillos. In 1947 they killed 248 armadillos. On September 18, 1948, ‘hey had 
killed only 56 armadillos. 


Mr. Wahrmund was unable to account for the shortage of armadillos in 
1948. 


Rainfall in the Austin area for the years 1947-48 was well below normal, 
as is shown by figures in table 1. During both years the total precipitation 


TaBLe 1.—Comparative rainfall data for the drought years, 1947-48, 
and an average of all records for Austin, Texas 


Jan. Feb. Mar. Apr May Jun. 
3.62 0.43 3.28 2.24 3.55 0.11 
93-year average ........ 2.18 2.38 2.40 3.57 4.35 2.70 
Jul. Aug Sep Oct. Nov. Dec. Annual 
2.18 242 0.07 0.02 2.07 1.89 21.58 
i, ee 2.29 0.27 1.24 1.78 1.34 1.67 20.98 


93-year average ........ 2.34 2.19 3.63 2.99 231 2.63 33.17 


was more than ten inches below the average. The period of severe drouch: 
persisted throughout the entire period of armadillo study in the eastern Ed- 
warcs Plateau region. The soil on the Gaines Ranch became powder-dry and 
a noticeable decrease in insect numbers was observed. Hordes of camel crick- 
ets (Ceuthophilus sp.), however, remained in some burrows and crevices in 
limestone outcrops. The much-reduced evidence of armadillo aczivity was 
concentrated near burrows in the limestone cliffs where seepase of sround- 
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water supp'ied some moisture. Though proof is difficult, the writer is convinced 
that a large proportion of the former population of Barto1 Creek canyon had 
succumbed to the effects of prolonged drouzht. 


Other regions of Texas were briefly studied to see if the populations they 
supported had suffered a similar fate. The present writer and two fellow stu- 
dents went to Sam Houston National Forest near Huntsville, Walker Coun. 
ty, on July 24, 1948. The area was extensively forested, with pines predom- 
inating on higher ground and deciduous trees at lower levels. There was no 
apparent lack of moisture in the soil nor were the streams at a particularly 
low level. Recer’: rain was indicated by pools of standing water along the 
course of observations. 


At 5:30 P. M. the first armadillos were seen feeding. They were generally 
active throughout the forest until 11:45 P. M. These observations were made 
during the breeding season and most of the animals were grouped in pairs. 
Some pairs were captured and proved to be male and female. A number of 
adult females were accompanied by their litters of half-grown young. Through- 
out the night the animals were observed by walking through a portion of 
the forest every hour. The moon rose at 11:30 P. M. and at 11:45 P. M. the 
last armadillo was seen. These armadillos were in good condition and seemed 
to be having no difficulties in feeding. One was shot at 5:30 P. M. when the 
first individuals were seen. Its stomach was completely filled with insect larvae 
and imagos, indicating that an abundant food supply was available to mem- 
bers of that population. One could reasonably conclude that armadillos in 
east Texas were thriving and suffering none of the difficulties common to pop- 
ulations farther west. 


On August 13, 1948, the writer went to Beeville in south Texas to study 
the armadillos in Bee and Live Oak counties. Throughout the night of 
August 14 several ranches bordering the Guadalupe River were carefully 
surveyed for the presence of armadillos. An area of several thousand acres 
was covered. The presence of numerous burrows indicated that many had 
been there, but only two were seen. Both animals escaped capture. Bee and 
Live Oak counties were also suffering from the drought, and the sparsity of 
armadillos seemed to reflect the critical state of ecological conditions. 


On September 25, 1948, the writer conducted a survey in Gillespie County 
near Fredericksburg. There were signs of recent armadillo activity along the 
bank of the Pedernales River. Five miles east of Fredericksburg a dead arma- 
dillo lay beside the highway. Recent rains, indicated by standing pools and 
moist soil, seemed to have stirred the animals into activity. 

Throughout the night of September 25 Kerrville State Park was ob- 
served for signs of armadillo activity. Two were seen at 5:00 P. M. An 
adult male was captured and proved to be in good condition. Armadillo 
activity was observed in the park until 11:30 P. M. when the moon rose. Ob- 
servations were continued until dawn, but no more were seen. Apparently, a 
large population of armadillos had survived the critical season in the Kerr: 
ville area. 

On October 1, 1948, an armadillo was seen on the Gaines Ranch. Probes 
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and conspicuous trails indicated an increase in armadillo activity. Recent 
rain had made the soil more friable and suitable for armadillo foraging. Ap- 
parently, a number of the animals had again set up residence in the flood- 
plain. 

Observational evidence supports the conclusion that the armadillo popu- 
lation of the Gaines Ranch was significantly reduced during the severe 
drought of 1947-48. Though some individuals were observed after early fall 
rains in 1948, the population was by no means as large as at the peak sea- 
son of 1947. These observations lead to the conclusion that arid conditions, 
when prolonged, impose serious difficulties on armadillos. These difficulties 
may be so critical that they limit survival of some individuals and initiate 
a population decline. Such seems to have been the case on the Gaines Ranch 
and is generally indicated for the eastern Edwards Plateau region. 


SUMMARY 


A 295-acre area was selected on the E. C. Gaines Ranch, four miles south- 
west of Austin, Texas, on the eastern edge of the Balcones Escarpment, for 
observational study of an armadillo population. The area comprised five 
recognizable plant communities. The principal plants and edaphic condi- 
tions of each have been described. 

A technique was devised for marking armadillos with large, yellow, 
lacquered numerals. These remained clearly recoznizable for 40 days with 


no appreciab!e wear on the lacquered surfaces. 

Eleven armadillos were captured and marked. The study area was regu- 
larly observed to record the wanderings of marked individuals. Four were 
observed sufaciently often to permit calculation of their home ranges. Three 
were adults whose home ranges averaged 8.52 acres while subected to ex- 
treme environmental pressure. 

Twenty-six burrow systems were excavated. Burrows averaged 6.9 inches 
in diameter, 49.8 inches in length, and 20 inches below the surface at the 
nest or burrow termination. Nest cavities averaged 13.5 inches in diameter. 

At least 31 species of invertebrates were obtaired from the nesting ma- 
teria! collected from dens and identified. 

Armadillos always appeared well oriented with reference to their burrows. 
A test was devised which supported several observations. 

Observations of captive and field-marked individuals indicate that arma- 
dillos require water. Available free water is utilized. In the absence of free 
water the moisture in the tissues of organisms eaten may supply the required 
amount. 

The colony of armadillos studied on the Gaines Ranch suffered a pro- 
nounced decline in numbers in the fall of 1947. Brief study of populations 
in east Texas, south Texas, and areas west of Austin indicated a general 
population slump in central and south Texas. After fall rains in 1948 activity 
of armadillos in the study area was increased. 

Severe and prolonged drought is ind‘cated as a critical factor affecting 
armadillo populations in the eastern E-lwards Plateau rezion. 
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Behavior of Young Grisons in Captivity 


Walter W. Dalquest and J. Harvey Roberts 


Museum of Zoology, Louisiana State University, Baton Rouge 


The grison, Galictes canaster Nelson, has a known geographic range from 
Panama to central México. It is a rare animal, and there seem to be no ex- 
tensive accounts concerning observation of living specimens. Realizing this, 
Mi. Dyfrig Forbes of Potrero, Veracruz, México, reared a female grison 
which he later shipped along with a young male (more recently acquired) to 
the senior author at the Louisiana State University Museum of Zoology, 
Baton Rouge. 

We are indebted to Mrs. Dyfrig Forbes for observations on the animals 
prior to their shipment, and to Miss Marion Forbes for bringing the grisons 
by way of Pan-American World Airways to Baton Rouge. 


History of the female—A native boy found the female grison in his 
sugar cane field and brought it to Mr. Forbes on August 14, 1949. When 
discovered, it was surrounded by ants, and crying. The umbilical cord was 
still attached, and earth was clinging to the skin. The eyes were closed. The 
characteristic color pattern was evident on the brownish gray skin, though very 
little hair was present. The tiny animal (less than 50 grams) kept its body in 
a curled position but moved about feebly when placed on the floor. Attempts 
to feed the infant with cow’s milk from a medicine dropper were not suc- 
cessful, but a house cat with one kitten adopted and nursed it for more 
than three weeks. The little grison remained near the cat and her kitten and 
cried when removed. By August 17 the eyes showed evidence of opening, but 
it was not until August 20 that they were completely open. At this time it 
attempted to eat meat with its foster mother, but was not really successful in 
doing so until the following week. The pelage marking was by this time 
much more distinct. 

While the animal was being photographed on September 4, it became 
alarmed and bit Mrs. Forbes and her daughter several times. It held fast, 
and produced long deep wounds which healed slowly. This was the only 
record of either of our grisons biting a human. 

By September 7 the grison was completely weaned and was fed on a 
diet of meat and milk. Between September 14 and October 17, it grew and 
fattened considerably, and became friendly with its human attendants. It 
learned to follow its owners about, rarely straying more than ten feet from 
them. When it was tired it preferred to sleep in a person’s lap. By this time 
its coat was full and shiny. The young grison soon refused to drink milk, 
and it then lived on meat and great quantities of water. 


History of the male—Less is known of the early life of our male grison. 
Its eyes were already open when it was found a few kilometers from Potrero 
Viejo by Sr. Paul Rueda on September 16, 1949. It was kept as a household 
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pet by Sr. Rueda, and was fed on a variety of foods. Mr. Forbes persuaded y' 


Sr. Rueda to send his animal, along with the female, to the present authors. th 


The two young grisons fought when first placed together but they soon 
became friendly. The male, which had never before been caged, was restless 
for nearly a week before it became adjusted. Both animals have always been 
friendly with humans. 


Appearance.—The grison is a member of the family mustelidae. It has 
many characteristics of the weasel, but does not closely resemble any North 
American member of its family. The sexes are similar (Fig. 1). The head is 
small and flat, the neck long and powerful. The chest is slim, but the poste- 
rior part of the trunk is wider. The legs especially the forelegs, are powerful 
and stout. The claws are strong, and the tces are partially webbed. The 
tail is short and bushy. The entire ventral surface of the animal, inclusing 
legs, feet, and the head to a point above the eyes and lower edge of ears is 
shiny black in color. A narrow white line, averaging about 10 mm. in width 
separates the black of the face, chin, and ventral surface of the neck from 
the gray top of head, ears, and dorsal surface of the neck. This white line be- 
come; indistinct on the shoulders.. There is a faint white line approximately 
one-half inch in width which extends posteriorly for one inch on the crown 
of the head between the ears. The remainder of the head and neck is finely 
mixed “‘salt-and-pepper” gray. The back and sides are grizzled; the guard hairs 
are black except for long white tips comprising 20 per cent of their Jeacth. 
The tail is dusky or sooty and edged with silver hairs. The eyes aze black 
The claws are bluish pearl in color. The fur of both grisons is rather harsh and 
avezages less than 14 mm. on the back. The female is about 24 inches in total 
length, and the ma‘e about 27 inches. Both animals at the approximate age 
of four months seemed to be fully grown. The male averaged 3305 grams 
in weight over a period of four weeks, and the female averaged 1830 grams 
in the same fericd. The weight of the male varied between 3249 and 3395 
grams; the weicht of the female from 1813 to 1860 grams. 


Hab'ts—Our tame grisons resemble dogs in some of their habits. They 
are alert and ever ready to play. They seem to be hardy and we'l s:ited to 
laboratory life. They are neither nervous nor irritable and make splendid pets. 


The grisons ordinarily keep their bodies rather close to the ground. The 
distance between the fore and hind feet is usually normal in its spacing and 
thus rarely approximating the “giraffe-like” posture of the long-tailed weasel. 
The long neck is extraordinarily supple. In the ordinary posture of the grison 
the neck extends forward and upward at about thirty degrees from the hori- 
zontal; the shoulders are low; the tail is either horizontal or down at an 
angle of thirty degrees. The animals climb readily; they run with short swift 
bounds; and they swim readily beneath the surface of the water (fig. 2). Their 
ability to dig has not been observed. 


V oice-—Our captive grisons did not growl at any time. Mrs. Forbes in 
her notes refers to a “crying” sound made by the female when it was very 
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young. The following scunc’s were made by the animals when they were 
three to seven months of age. When handled and fondled the female “purrs” 
with a soft, chattering note. This consists of twenty to thirty short, low 
“chirrs” beginning with the loudest and becoming successively fainter. Even 
the loudest note can be heard only within a distance of two feet. The male 
was not heard to make this sound. He is less affectionate than the female. 


The male, when trotting about the caze, often makes a low panting 
sound. This increases in volume when the animal is excited, and especially 
before feeding. The scund is not altogether unlike purring. It consists of a 
series of thirty to fifty short gasps with a metallic, clicking quality. The loud- 
est note is the first uttered, and the notes beco:ne progressively fainter until 
inaudible. The panting can be heard for a diszance of only ten feet 


Cthe: sourds made by the grisons are all of one tonal quality. The noze 


Figs. 1, 2.—l. Young adult male Grison. Note arched body and small, flat head 


(upper); 2. Male Grison searching for turtles. Note long, sinuous neck (lower). 
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is shrill and loud, and might be cal!ed a squeal. The sound is lowest and 
least sharp when the animal is playing with an inanimate object; louder and 
more shrill when the animals are playing together; and loudest and most 
shrill when they are fighting. In this last instance the sound can be heard 
for many yards. 


Fighting —Occasionally the grisons fight with each other over feed, 
especially living rats or mice. When fed on freshly killed rats or mice they 
keep up a series of loud, shrill warning squeals. In one instance, both ani- 
mals were lying with their rumps together as they fed. Each apparently felt 
the movements of the other animal, and both uttered loud, angry cries, and 
chewed the more rapidly on the food. 


When a rat or mouse is introduced into the cage both grisons pounce on 
it, each squealing at the other. The male usually kills the rat and begins to 
feed upon it. If the female approaches, the male will squeal warningly at 
her. She usually backs away in the “fighting position” with the head held low, 
chin flat on the floor, front legs out and directed forward with toes slightly 
spread in a position to leap forward swiftly. The chest touches the floor, the 
posterior body arches greatly, with tail stiffly elevated, hind legs spread and 
tense, and toes slightly spread. This position, when occasionally assume mo- 
mentarily in play, is less menacing than when it is assumed in seriousness. If 
th: female approaches too closely, the lips of the male are drawn back from 
the teeth, and the squeals become louder and more shrill. If the female con- 
tinues to advance, the animals fight. The action then is too swift to follow ac- 


curately, and the squeals can be heard for fifty yards. The tussle is always 
short, and it ends without bloodshed. 


Scent.—When the female grison was very small the scent glands at the 
base of the tail were disproportionately large. The tail was very small and 
curved ventrally under the abdomen. As the animal grew it developed the 
habit of raising its tail upon excitement. After being in Mrs. Forbes’ posses- 
sion for slightly more than two weeks the animal became frightened by a 
strange cat. It lifted its tail and discharged a clear, vile-smelling liquid at the 
cat, in the manner of a skunk. When older, it sprayed the liquid on cats 
and chickens whenever frightened. Later discharges of the liquid were heavier 
and more yellow. The discharges became less frequent, and ceased altogether 
after three months. There was no discharge after arrival in Baton Rouge, al- 
though at first there was a faint musky smell. The odor was distinctly dif- 
ferent from that of familiar mustelid mammals. By four months of age the 
animal had lost all traces of odor. 

Sr. Rueda reported to Mrs. Forbes that the male never was known to 
discharge any fluid from its glands. 


Play.—The two grisons spend the greater part of their waking hours at 
play. The male is the more playful and aggressive. One animal may pretend 
to be looking in another direction, then turn suddenly and leap at the other 
with outstretched forearms to grasp the head and back and seize with the 
teeth a fold of skin on the neck. The lips are not drawn back from the teeth 
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in such play. The force of the charge usually causes both animals to fall to 
their sides and they twist and wrestle for some time, uttering short squeals. 
One will attempt to grasp a fold in the other’s skin and then roll under, or 
to shake the other animal in the manner of a terrier shaking a rat. The hold 
is usually broken quickly, causing a struggle to obtain a new grip. The chief 
point of attack seems to be the side or back of the neck or, rarely, the lower 
jaw. Occasionally one animal is pinched too hard by the other, and then gives 
a shriller squeal than usual while attempting to nip the offender. The female 
becomes angry more often than the male. She extends her head at the male 
with her mouth open and the teeth bared. The male seems somewhat sur- 
prised by this action and draws away. The incident may be forgotten in a 
moment, and the animals may resume playing together. Variations from the 
above are numerous, but certain features seem to be constant. The feet are 
used in the attack, but they are rarely used to scratch. Almost any part of 
the body may be seized with the teeth, but the majority of attacks are di- 
rected at the neck. After securing a grip the animals bite gently, about like 
dogs at play. The same gentle bite is used on human beings. Even when 
angry or trying to break from a person’s grasp, they never bite hard enough 
to break the skin. They often bite playfully on one’s finger. 


Both animals play with pieces of cloth placed in their cage. They grasp 
a fold or the edge of the cloth in their teeth and bite viciously, shake it or 
tcl! up in it, while uttering their low, short squeal. They also play with food 
and water pans in the cage, pushing them about with their strong forearms. 

The male is occasionally observed chasing its tail. It also pushes itself 
alo-g while lying on its back. The hindfeet are used for this, the forefeet 
helping slightly. This characteristic of the male is especially shown when he has 
been driven off by the female after playing too roughly. He seems to be 
“showing off” before her. 

When released from their cage and given the freedom of the room, the 
gtisons often become so excited that they gallop in circles in the manner of a 
young dog. At times they move so fast that they fail to get footing on the 
smooth concrete and fall on their sides at every turn. After calming down 
somewhat, they investigate every corner and crevice. Rather than cross an 
open floo: they follow a wall. They examire every narrow passage that in 
any way simulates a burrow. 


Swimming.—The partially webbed toes of the grison suggest an ability to 
swim well, but no report of swimming seems to be on record for this species. A 
large tank of water was made available and the captive grisons immediately 
entered it with smooth, effortless dives. Their bodies cut the water with 
scarcely a splash, and they remained below the surface and twisted about 
in an amazingly supple manner. Several turtles in the tank were approached 
and investigated, although no effort was made to molest them. Several weeks 
later the male pulled a small turtle from the tank and slightly injured one 
of the turtle’s legs, but the action seemed to be entirely play. While swim- 
ming the grison holds its legs well out, away from the body and with the 
toes widely spread. When submerged they usually swim with their backs up, 
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but occasionally they swim on their sides, or even upside down. They seem to 
play in the water, much as they do on land. They may remain beneath the 
surface for over thirty seconds, and it seems probable that they could remain 
much longer if there were sufficient reason. Occasionally, as though in play, 
they swim swiftly in narrow circles. One animal was seen to make several 
circles of such short diameter that the nose was nearly in contact with the 
tail. Wild grisons must surely be aquatic to a certain extent. 


Sleep—Our grisons spend considerable time sleeping and it seems likely 
that they sleep during most of the night. Their positions vary somewhat in 
the course of their slumber. Invariatly they go to sleep with the body curved 
so that the head is swung around to the rump. After the animal has been 
asleep for a short time the head moves slowly out, away from the rump. As 
time progresses the body uncurls more and more, so that after several hours 
the animal is on its side, with only a suggestion of a curve to the body. The 
two grisons usually sleep with their bodies in contact. 


Food habits—The ordinary diet of the grisons consists of one-half 
pound of vitamin-enriched dog food daily. Rats and mice are added to the 
die: whenever available. When laboratory mice were first offered, the ma'e 
showed little interest but the female bit and maimed one mouse. She played 
with the in‘ured mouse for some time, letting it run a short distance and then 
bringing it back. Occasionally the mouse was thrown upwards and sidewise by 
a short snap of the grison’s head. After several minutes the mouse was 
killed and eaten. Additional mice were similarly treated until the male tegan 
to show an interest in the activity. He quickly killed his mice with a single 
bite. The female continued to injure and play with her mice, but they were 
nearly always stolen from her and killed by the male. Under such competition 
the female also began to kill the mice as soon as possible, though occasionally, 
she still injures and plays with one when the male is busy with something else. 


In killing a mouse, the grison bites the animal first at the back of the re-k 
or shoulder, then moves the grip to the head as soon as vigorous resistance 
ceases. The mouse is always eaten head first, but occasionally the tail is left on 
the cage floor for a short time. Examination of the droppings of the grison 
discloses no traces of teeth or bones even though these are consumed along 


with the flesh. 


Five days after the grisons had killed their first mouse, two grown labora- 
tory rats were placed in the cage. Both grisons attacked but were bitten, caus- 
ing them to squeal, though not sufficiently to stop the attack. The male killed 
his victim in about thirty seconds, but the smaller female required several 
minutes for hers. Both grisons began to feed on the heads of their respective 
rats. The male experienced no difficulty in cutting the skin, and within ten 
minutes he consumed the entire rat. The female chewed vigorously at the 
head of her rat, crushing the skull to pulp from which she ate the blood and 
brains. In the two minutes she required to cut the skin, she became almost 
frantic as though fearing that the male would take her rat away from her. 
After the skin was severed the rat was consumed in about ten minutes. Subse- 
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quent rats were dispatched more quickly and efficiently. The bodies were 
completely eaten except for small parts which had slipped through the bot- 
tom of the cage It seems that the feet of the grisons could be used effectively 
for holding victims eaten, but they were rarely so employed. On many occa- 
sions, bits of flesh required considerable time to be chewed or jerked free 
from the carcass. 

Two living house sparrows (Passer domesticus) were placed in the cage 
with the grisons, and although the latter were fully fed and should not have 
been hungry, they became very excited, and quickly killed the birds. The 
birds were consumed, including most of the feathers (which were apparently 
very annoying to the grisons) in something less than five minutes. Later a 
neatly grown domestic pigeon was also killed and eaten in a short time. Once 
an adult leopard frog (Rana pipiens) was attacked. The male caught it by 
a back leg, but released it immediately, backed over a cloth in the cage, and 
wiped his chin and mouth vigorously on it with evident disgust. As long as 
th: frog: remained motionless the grisons ignored it. As soon as it moved 
both grisons would dash at it, but always stop short of seizing it with their 
mouths. Apparently the frog possessed some odor which was unpleasant to 
them. The following morning, the frog was still alive in the cage with the 
grisons. Several weeks later a bullfrog (Rana catesbeiana) was captured and 
killed by the female grison. She carried it about the cage for several minutes 
before eating it. After that she would kill and eat leopard frogs, but the 
male still refused to bite them. 

Large roaches (Periplaneta americana) were offered but the grisons merely 
nipped at them as though puzzled by the tough chitinous covering. Live. 
uninjured roaches were often chased, but rarely captured. Even then, the 
grisons seemed reluctant to bite hard enough to disable. When injured 
roaches were offered, the grisons bit and mauled them with their feet before 
ingesting them. From such actions there can be little doubt that wild grisons 
feed to some extent upon insects. 

A ripe unpeeled banana was left in the cage with the grisons over night. 
They pushed it about some, but showed no sign of having tried to eat 
it. After being peeled, however, they ate it in a short time. It seems likely, 
therefore, that under certain conditions wild grisons may eat some fruit. The 
Tayra, a relative of the grison, is often accused of eating sugar cane in 
Mexico, and therefore fresh stalks of cane were offered to the grisons. These 
were not eaten during a trial of one week, though the grisons pushed them 
around and played with them. 


Drinking.—The grisons drink a great deal of water. Mrs. Forbes’ notes 
mention the large amount consumed even when very young. Our two adult 
animals together consume 350 to 750 ml. of water every 24 hours. 

While drinking the grison places its entire face in the water, almost up to 
the eyes. The jaw is moved two or three times and then the head is withd: awn. 
Apparently most of the water is taken while the mouth is beneath the surface. 
When the head is withdrawn the animal usually sneezes, and then licks the 
remaining crops of water off the lips. The tongue often laps the surface a 


6 (2) 
to 
h the 
emain 

play, 
veral 

the 
likely | 

at in 
urved 

been 
». As 
ours 

The 
-half 
the 

male 
layed 

then 
se by 

was 

egan 

ingle 

were 

ition 
ally, 

else. 

re-k 

ance 
ton 

ison 
long 

ora- 

aus- 

illed 

veral 
ctive 

ten 

the 

and 

nost 

her. 

bse- 


366 THE AMERICAN MIDLAND NATURALIST 46 (2) 


few times, but relatively little water is thus taken. Ordinarily, when they are 
playing actively, the animals drink at least once an hour. They prefer water 
at room temperature to very cold water. 


Elimination —One particular corner of the cage is used for deposits of 
scats and urine. In defecating, the animal backs into this corner, taking care 
no: to step on any feces evacuated earlier. The tail is held horizontally, or up 
at an angle of thirty decrees, or in a semi-circular bend laterally away from 
the anus. The posterior third of the back is raised in a hump and the entire 
body is tensed. After the feces are voided the animal usually arches its back 
in cne or two swift contracticns, then steps forward away from the fresh 
feces. Except for elimination of waste, the animals rarely go near this corner 
of the cage. In voiding the urine the actions are similar to those descrited 
above except that the back is but little arched. The tail is held out or upwards 
at a low angle. 
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A Possible Navigation Sense in the Ear of Birds 


William J. Beecher 
Chicago Natural History Museum 


With the reawakening of interest in bird navigation and homing, stimulated 
chiefly by physicists (Ising, 1946; Yeagley, 1947), it has seemed desirable to 
re-examine the sensory basis for this extraordinary phenomenon. The present 
re-consideration of the ear in birds attempts both to interpret structures long 
known and to evaluate new or little known structures which may cast further 
light on extra-auditory functions. No formal review of the literature will be 
made. Many of the earlier references appear in the account of Gadow and 
Selenka in Bronn’s Thier-reichs (1891) and more recent works will be referred 
to in text. 


The ear of birds is of course divided into outer, middle and inner ear or 
labyrinth. Although the latter is also vitally concerned with hearing, our pri- 
mary object here is to investigate its other functions—first among them, 
equilibration. 

The Semicircular Canals —The modern literature on the semicircular canals 
of the labryrinth goes back at least into the 18th century and even the classical 
physiological experiments of Flourens, firmly establishing the connection of the 
canals with equilibration, were carried out in the 1820’s. Hence it is rather 
strange that certain clear-cut limitations of this system have not been sufficiently 
emphasized. 


There are three semicircular canals, two vertical and one horizontal (fig. 1) 
and these, being oriented roughly in planes lying at right angles to each other, 
occupy the three dimensions of space. The bony canals are seen to occupy a 
position far posterior in the otic region of the skull to either side of the foramen 
magnum, each of the six enlarging into an ampulla at one end. Within the 
bony canals (A) and separated from their walls by a fluid, the perilymph, are 
membranous canals (B) containing yet another fluid, the endolymph. Each 
membranous canal likewise enlarges terminally into an ampulla containing a 
crista acutica (C)—a crest of sensory hair cells innervated by the vestibular 
branch of the acoustic nerve (see plates in Retzius, 1884). Finally, attached to 
the crista and enclosing these hair cells is a gelatinous cupula (D) described 
by Steinhausen (1934), functionally a swinging door mounted transversely 
inside the ampulla and responding to movements of fluid within the canals. 

This is obviously an inertia system. If a bird lifts its head upward in the 
plane of the left anterior canal (fig. 1, upward), the endolymph, remaining 
behind, gives the effect of flowing forward in the canal toward the ampulla— 
the force and acceleration being equal and opposite the movement. In any 
such head movement of a bird the bill scribes an arc through space, the center 
of which is a point in the neck usually close to its junction with the skull. 
Therefore, many of the small, rapid head movements of birds in peering and 
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feeding are rotational in nature and this is significant because the canals are 
clearly designed for reporting rotational movements. 


To test this one may make a simple model of a canal by bexding a glass 
tube into 2 ring, inserting a wisp of down in the wall at one point and filling 
with water. If the closure of the glass ring is accomplished by a short link of 
rubber tubing all air bubbles may be eliminated and the free end of the down 
will whip violently back and forth in response to the slightest rotational move- 
ment of this model canal. On the other hand a translational movement of the 
canal results in very slight movement of the down unless the acceleration is 
very considerable and no movement at all if the down is replaced by a soft 
feather vane or anything less responsive. The finest thread and even hair fails 
to respond at all, even to rotation. We may probably assume, however, that 
the cupula is at least as responsive as the down. Moreover, if A in fig. 2 is the 
axis of rotation and B the plane of rotation, the maximum response occurs 
when the canal is rotated in its own plane. When the canal is turned to form 
an angle with the plane of rotation B, the response decreases as the angle 
nears 90°. 

Experiments with canal-models of many sizes and shapes (even rectangu- 
lar) did not perceptibly alter the responses reported above and it must be 
remembered that semicircular canals in nature are never very round, possibly 
achieving their conformations due to crowding. One thus arrives at the con- 
clusion which Mach, Breuer and Brown simultaneously reached in 1873 and 
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Fig. 1—The semicircular canals in the towhee (Pipilo). (A) bony canal; 
(B) membranous canal; (C) crista ecutica; (D) cupula. 
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Fig. 2.—Rotational effects on fluid in a glass model. Down wisp mounted inside 
responds to rotational movements in the plane of the model canal due to inertia of the 
contained fluid, but not to such movements at right angles to the plane. (A) axis of 


rotation; (B) plane of rotation. 


1874: the inertia system of the semicircular canals reports only rotationl or 
angular movements. This is a definite limitation of function in the canals. 


Since the stimulation of an ampulla is greatest when the movement of the 
head is precisely in the plane of the associated canal, it follows that the par- 
ticular combination of stimuli from the six ampullae will report the exact plane 
of movement. That is, an upward movement of the head in the plane of the 
left anterior canal (see diagram under fig. 1, upward) will result in a positive 
(+) flow of endolymph toward its ampulla but a negative flow (—) away from 
the ampulla in the right posterior canal. Thus it is seen that the two pairs of 
vertical canals work together, the left anterior canal of one side being in the 
same plane with the right posterior canal of the other. For this reason in the 
upward movement the remaining two vertical canals, being at right angles to 
the movement, will receive no stimuli at all (0). It is also clear that a down- 
ward movement in the same plane will result in a positive flow toward the 
ampulla of the right posterior canal and the two ampullae in the diagram will 
simply change sign. This is oversimplified although head movements do tead 
to fall into the planes of the canals more than between them. 

Now a further limitation of the canals may be mentioned. Returning to 
the glass model of a canal, it is seen that the instant a rotational movement 
ceases all movement of the down likewise ceases. True, Maxwell (1923) and 
Lowenstein and Sand (1940) have shown that prolonged rotation in the plane 
of a single canal will produce a vestibular nystagmus lasting 20 seconds or 
more. But Mowrer (1935) proved this to be due to after discharges in the 
brain, vestibular nerve response from the ampulla ceasing instantly with rota- 
tion. Therefore, if a bird raises its head in the plane of the left anterior canal 
so that the bill is pointing at the sky all stimulation in the canals will cease 
with the motion. The bird will no longer have intelligence of its attitude and 
be unable to return the head to the level position—except visually. Therefore, 
the semicircular canals cannot report sustained positional changes. It is evident 
that some accessory system is necessary to permit head orientation in birds. 

The Otolith Organs——Such an accessory system is provided in the ozolith 
organs of the remaining portion of the labyrinth. The canals with their peri- 
lymph and endolymph communicate freely below with a common vestibule 
(fig. 3) having the same double-walled structure. The otolith organs are out- 
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pockezings of this vestibule, the utriculus and saccu'us lying under the ampulla 
of the anterior canal, the lagena, at the median extremity of the cochlea. These 
organs have been very well described by Werner (1938, 1939) and the dia- 
grammatic cross section in fig. 3 is constructed partly from his sections cn the 
starling, partly from my own on other passerines. With certain modifications 
mentioned by Werner all three have essentially the same structure. The floor 
in all cases consists of a sensory macula which, as illustrated for the utriculus in 
fig. 3, consists of the following elements: There is a layer of columnar epithe- 
lium interspersed with nerve cells (C) from which sensory hairs pass upward 
to support an otolith membrane (B) upon which is a layer of otolith crystals 
(A). These “ear-stones” are crystals of calcium carbonate, apparently pre- 
cipitating out of calcium-rich endolymph early in the embryonic history of the 
bird. Since the entire width of the utriculus in passerines is less than 1 mm. 
the ear stones are seen to be very small—averaging about 30 ». Moreover, 
they are smaller and more numerous in the utriculus than in sacculus or lagena 
and, since this macula is both largest in area and horizontal in position, it may 
be permissible to think that special importance is placed on keeping the head 
level in birds and mammals. 


These stones do not, however, lie free on the otolith membrane, rolling 
about in response to the tilting movements of the bird’s head, but are em‘ edded 
in a layer of gelatin. Hence it is not weight-shifts or pressure changes cn the 
maculae to which the nerve receptors apparently respond but to tensional 
changes on the sensory hairs of the macula (cf. Maxwell on fish, 1923: 118). 
It is plain that this is a gravity system, capable of reporting chanzes in head 
position so long as they remain in effect. 

Here it is strange that the arrangement of these maculae has not more 
strongly suggested their role. The macula utriculus is horizontal when the 
head is at rest, the macula sacculus is canted 45° laterally downward and the 
macula lagena is vertical (fig. 3). The importance of these organs in main- 
taining muscle tone was demonstrated by de Kleiin and Magnus (1921) who, 
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Fig. 3.—The otolith organs (partly after Werner). The utriculus, sacculus and lagena 
are oriented as above in passerine birds. (A) layer of otolith crystals in gelatin; (B) 
otolith membrane supported by sensory hairs rising from nerve cells in the (C) columnar 
epithelium. Greater muscle strain occurs the higher the degree of head tilting from the 
level position. 
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working on mammals in decerebrate rigidity, showed that the maximum muscle 
strain occurred when the animals were on their backs. In such a position the 
utriculus is upside-down and the otolith crystals, hanging from the gelatin, 
would exert traction on the hair cells. If we may assume that the greatest 
muscle strain occurs with greatest traction on the sensory hair cells of the 
macular area as a whole, we may make an attempt to explain the orientation of 
these otolith organs. 

It may be seen in fig. 3 that the macula of the utriculus is larger than that 
of the sacculus and that of the lagena is smallest of all. Therefore, when the 
head is in the position of rest with both maculae utriculi horizontal the greatest 
total sensory area of the otolith organs would be in a state of rest and muscle 
strain would be theoretically minimal. With any tilting of the head off level, 
however, strain will increase as a direct function of the degree of tilt. Thus, 
tilting the head 45° on the longitudinal axis—a customary attitude in searching 
for food—calls more muscles into play and the imbalance cf the maculae with 
only that of a single sacculus horizontal indicates a strain position. With the 
head tilted 90° only a single macula lacena is horizontal and that smaller even 
than the sacculus in area, while the strain positions of the other maculae have 
steadily mounted with more and more crystals tending to hang from the gelatin 
and exert traction on the hair cells. The upside-down position of the head, in 
which both maculae utriculi would be in maximal strain and both maculae sac- 
culi, in near-maximal strain, would thus correspond to that in which de Kleijn 
and Magnus found maxima! muscle strain in mammals. 

The upturn and overhang of the macula of the utriculus anteriorly and lat- 
erally so as to nearly roof the otolith crystals there (Werner, 1938: 785), 
seems to me related to rotational or tilting positions of the head around the 
transverse axis. These would be positions related to feeding or static postures 
with the bill pointed at the substrate. In short the otolith organs are designed 
to inform the bird of any eccentric head position so long as it is held. 

We may now point up the difference in function tetween the canals and 
otolith organs in the higher vertebrates. The canals constitute an inertia sys- 
tem capable of reporting the plane, amplitude and velocity of angular or rota- 
tional movements of the head but these reports are momentary. The otolith 
organs constitute a gravity syste reporting any positional change of the head 
so long as it is held and these reports are sustained. The two supplementary 
systems are respectively dynamic and static in function. 

In this corinection it must be pointed out that some differentiation of func- 
tion has occurred with evolution from the lower vertebrates. Maxwell (1923: 
119) found that in the dogfish the canals and otolith organs operate similarly 
in both dynamic and static functions—the one taking over upon destruction of 
the other. But fish, lacking a neck or rapid, independent head movement, and 
with but one stone in each organ, are phylogenetically primitive. In the more 
advanced guinea pig de Kleijn and Magnus (1921) found that destruction of 
the otolith organs by centrifuging destroyed the ability to sustain head position. 
Hence a differentiation has taken place with evolution of the neck. segregating 
the dynamic and static functions. 
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This is nicely shown by rotation experiments. A dogfish forcibly rotated 
on the longitudinal body axis will raise the eye on the depressed side and lower 
the eye on the opposite side—that is, it will attempt to keep the eyes level 
(Maxwell, 1923: 21). I have noted that similar rotation of the body of a 
guinea pig will at first elicit an attempt of the head to turn on the short neck 
to maintain level position, the eyes also compensating as in the dogfish when 
necessitated by further rotation. Laboratory rats with longer necks are better 
able to keep the head level when the body is rotated but the very long necks of 
birds permit them to do this with the greatest ease. With the evolution of 
the neck it appears that the function of the labyrinth for body-righting as seen 
in fish has shifted to head-righting in birds—the body co-ordinating its move- 
ments with those of the head by means of a chain of reflexes originating in the 
neck (Magnus, 1924; Kleitman and Koppanyi, 1926). 


A New Motion Sense for Reporting Thrusting Movements.—The long, S- 
shaped neck of birds also permits movements of a thrusting nature. The forag. 
ing of pigeons, starlings and grackles is marked by a bobbing of the head back 
and forth; the feeding of the heron involves a stabbing thrust and retraction of 
the head which is equally typical of other birds. It is obvious that here is a 
whole class of linear, non-rotational movements which cannot be readily 
reported by the semicircular canals. 


For reporting these movements I have described (Beecher, in press) a new 
motion sense in the middle ear of birds and, in fact, all other vertebrates 
except fish and the tailed amphibia. This sense is based on the inertia of air. 
Air, of course, has mass and weight just as water does. If we move a vessel 
of air forward (accelerate it) the air will tend to remain behind, causing a 
momentary pressure on the rear wall inside. This pressure will persist only so 
long as the acceleration is changing; when acceleration becomes constant the 
air equalizes its pressure on all walls. But now,, if we stop the movement of 
the vessel (decelerate it), the air inside will tend to keep going, causing a 
pressure on the forward wall. It appears that:we must regard the tympanic 
cavity in vertebrates as containing air which, due to this inertia effect, moves 
about in response to the accelerations of the head or of the body as a whole. 
For the columella of birds and most other vertebrates and the malleus of mam- 
mals have vane-like processes so oriented as to intercept the air currents set 
up by the characteristic head-movements of the species considered. 


Only the fish and salamanders show no sign of this sense but their complete 
lack of either tympanic cavity or auditory ossicles permits no basis for compar: 
ison. It is clear that the columella would not need to be expanded into its 
thin, broad, vane-like surfaces if its only function were the propagation of a 
sound wave from the drum to the foot plate (fig. 4). It is also significant 
that this vane character increases with the activity of the bird or other verte- 
brate and that there is a corresponding iricrease in the air sinuses, thus incteas- 
ing the air mass acting on the vanes. Whatever the position of the ear in the 
skull, these vanes orient transverse to the normal air movements in each species. 
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The Normal Head Attitude in Birds.—In this connection a generalization 
of considerable importance may now be made about birds. All birds have 
certain, specific positions of the head in rest which may even differ between 
closely-related genera if they are differently adapted. This rest position I have 
determined for a number of widely different forms ty combining observations 
in field and aviary with dissection of the canals in the laboratory. It is in vir- 
tually all cases the position in which the horizontal canal and the macula of 
the utriculus are oriented level with the ground. Thus, the rest position of the 
head in the wood ibis (Mycteria) in fig. 5 is one in which the bill is carried at 
a sharply depressed angle and in the woodcock (Philohela) and jacksnipe 
(Capella) this angle is much greater. In the pelican (Pelecanus) the bill is 
carried at a less sharply-depressed angle and in the spoonbill (Ajaja) still less 
so. The great blue heron (Ardea) carries th: bill even slightly elevated. Such 
head attitudes are very important, reflecting vast skull changes. The foramen 
magnum which opens posteriorly on the skull of the great blue hero opens 
ventrally in the snipe. 

This characteristic position proves to be preserved in most cases when the 
head is under the back feathers or scapulars in the sleep posture, but the point 
of greatest significance to me is that it is the position of the head in flight. 
Every ornithologist has noted that, through all the rotational changes of a 
duck’s body in turning and banking (see Mareca), its head is held perfectly 
level. This is true in rising and level flight, though not in alighting which in 
all birds can be shown to occur visually. 

The stressing of the importance of level position of the head with evolution 
of the neck and flight may be significant from the standpoint of navigation. 
Here birds may have solved a problem which plagued aviation until the auto- 
matic horizon was invented, that of flying level when out of visual contact with 
the ground—blind flying. By means of the highly-developed otolith organs 
they may be keenly sensitive to the slightest deviation of the head from the 
level position since this is a gravity system. Nor is it difficult to conceive of 
these organs as reporting movements of translation as Breuer (1891) has sug- 
gested—at least sudden accelerations and decelerations. But it must be remem- 
bered that the flight reflex permits orderly flying even after birds have been 
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Fig. 4.—Air vanes of the middle ear. The expansion of the columella into vanes A, 
B and C gives it a accessory function of reporting air impacts due to head-movements via 
the foot-plate. 
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Fig. 5.—Normal head attitude in birds. This “rest posizion” is one in which the 
external canal is horizontal and it is achieved in differently adapted species by different 
elevation or depression of the bill. This position is assumed in fl-ght also. 


beheaded (Tarchanov, 1884)—so that air pressure on the entire body may 
play a part in level orientation. 

Possible Sensory Detection of Coriolis Force.—It will be recalled that, 
althcuch the wisp of down in my model canal responded immedia‘e!y to almost 
imperceptible rotational movements, it failed to respond as well to movements 
of translation. The most important implication from this is that the canals 
appear to be relatively inactive in straightaway flight and thus quite possibly 
— to the effect of Coriolis force in the manner suggested by Ising 

(1946). This force has been so much discussed by Yeagley, Ising and their 
reviewers and critics that I shall not attempt to define it in detail. However, 
it will be recalled that any object on the equator has a momentum of approxi- 
mately 1000 miles per hour due to the speed of the earth’s rotation and that 
this momentum would be zero at the poles. Hence an object given an accelera- 
tion from the equator toward the north pole will, as seen in fig. 6, progressively 
get ahead of the earth’s rotation, since it is continually passing into regions of 
lesser momentum. Such an object will experience Coriolis force if it corrects 
its course to fly to the pole—and it will experience it more the greater its 
velocity relative to the earth and the farther north it is carried. Ising was able 
te measure this force in a tube bent into a zing and filled with fluid by rotat- 
ing the ring through an angle of 4.7° at right angles to its plane (see fig. 2). 
It was perceptible both as a streaming in the fluid and as a couple on the ring 
and increased in energy with the velocity of the rotation. 

In such a canal model carried through the air without rotation at a velocity 
of 40 miles per hour there would be no streaming and the pressure displace- 
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ment in the fluid due to the effect of Coriolis force (calculated for me approxi- 
mately by Dr. Edward Teller of the University of Chicago) could hardly shift 
the pull of gravity by more than one minute of arc. Therefore, the rotation 
postulated by Ising as responsible for the streaming of the fluid is a vital part 
of his hypothesis. It is still not known whether the ampullae of the canals 
could detect a force so small or distinguish it from that of Brownian movement 
(Thorpe and Wilkinson, 1946; Wilkinson, 1948), though the fluctuating 
character of the latter is not to be compared with the steady character of the 
former. Moreover, one musical note does not cancel another; both are heard. 


Coriolis Force as a Compass.—It is necessary to point out that, ‘f Coriolis 
force can be detected by the semicircular canals, we must assume that birds 
have not only a latitude sense as has been suggested but 2 compass as well. 
This neglected and important point follows from the orientation and sensory 
characteristics of the canals. 


I have previously mentioned that the three canals occupy the major dimen- 
sions of space—two vertical and one horizontal. Lowenstein and Send (1936), 
in measuring the response to rotation of the ampullae in the living canal of a 
dogfish, found that the ampulla discharges spontaneously all the time. They 
further learned (1940) that, when the rctation is in such direction as to pro- 
duce a flow in the canal toward the ampulla, this discharge is greatly enhanced; 
when the flow is away from the ampulla, it is greatly inhibited. 


With these and other facts about the canals in mind, let us now attempt to 
consider how Coriolis force would act on them when the bird is in flight on 
different compass headings. Since we picture the bird as momentarily turning 
its head from side to side rather rapidly through a narrow angle (say 10° of 
arc) the horizontal canals will be occupied with reporting this rotation, but 
they are at right angles to the direction of Coriolis force anyway. Only the 
four vertical canals will experience the Coriolis streaming and the total energy 
from this streaming will indicate the latitude. However, due to the differeat 
effects of the streaming in these four canals, it would be theoretically possible 
for the bird also to determine its compass heading in the following manner. 


In fig. 6 is diagrammed the theoretical resolution of this streaming in the 
two anterior and posterior canals. If the bird is flying a northward course and 
moves its head from side to side through an angle of only 10° at the time of 
estimating its position, it should be clear that a maximum streaming due to 
Coriolis force will not occur in any of the four canals. This is because the 
force acts from west to east and each of these canals will lie at 45° to its 
direction (we have learned from the rotational experiments that a maximum 
streaming would require the canal to be oriented in the direction of the force). 
Therefore, a less than maximum streaming will occur in all canals and this 
will be equal and opposite on the two sides. That is, it will be away from the 
ampullae of the anterior and posterior canals of the left side (-) and toward 
the ampullae of the right si¢e (+). Thus the spontaneous discharge of the 
ampullae on the left side will be inhibited—on the right side, enhanced. This 
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specific resolution of the Coriolis force in the ampullae, then, informs the bird 
that it is facing north and, as it continues to progress in that direction, the 
differences between the inhibition and stimulation of the two sides should 
increase slowly but steadily. 


If now the bird flies a compass heading NW (315°), however, there will 
be a maximum inhibition (——) due to streaming away from the ampullae in 
the left anterior canal and a maximum stimulation (++) due to streaming 
toward the ampul!lae in the right posterior canal. These two canals will report 
the fuil value of Coriolis force for that latitude since the other two canals, lying 
in a plane at right angles to the force, will experience no streaming. A compass 
heading NE (45°) both reverses the réle of the canals and the sign on the 
ampullae. The canals that were inactive in flying NW become active in flying 
NE—and the streaming is away from the ampullae of the left posterior canal 
(inhibiting) and toward the ampulla of the right anterior canal (stimulating). 
Every heading wiil be different. 


This theoretical ability to fly a particular compass heading by means of 
Coriolis force which of course varies only in latitude may be of great impor- 
tance to birds in migration, where they may fly a certain compass direction 
instinctively by correctly balancing the distribution of the streaming on the 
four ampullae. This is not the same as postulating that this force is a longi- 
tude as well as latitude force. The total force available from the streaming is 
the same for all directions in a given latitude and it will be greater for a point 
farther north—less, farther south. It is the differential distributicn of the 
streaming among the four vertical canals that theoretically permits’ direction 
distinctions. Therefore, the bird faces the problem of a man with a compass 
but no map. But, if it knows the total value for Coriolis force at the home 
base and the direction taken to arrive at the release point where it is different, 
the bird may do as a man does—reverse direction and fly until reaching familiar 
surroundings. The value for the force will change very slowly and if, by the 
time the bird reaches the latitude of the home base, it has not sighted familiar 
terrain, it is off course. Most often it will be off course if the distance is far 
but experience will teach that the search is to be made in that latitude, i.e. east 
or west. 
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Fig. 6.—Coriolis force as a compass. Since the force acts from west to east it will be 
differently distributed among the four vertical canals for each compass direction. It should 
inhibit the discharge of an ampulla when the streaming is away from it, stimulate the dis- 
charge when the steaming is toward it. 
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The weak point in the above hypothesis is that birds have successfully 
returned home when every effort was made to confuse them as to the direction 
of departure toward the release point. Unless we can conceive of the bird as 
a machine with a “memory” like a planimeter which automatically adds and 
subtracts deviation from a true course between two points and flies the straight 
line back, some of these returns are difficult to account for. We do know, 
however, that homing birds, whether released by day or night in unknown terri- 
tory, almost invariably circle once or several times, then usually fly off in 
approximately the right direction. In attempting to estimate the value of Cori- 
olis force at the release point and disentangle it from the obscuring influence 
of Brownian movement in the canals—or attempting to get a compass heading 
—no better method can be imagined than that of circling. 


Possible Sensory Detection of the Earth’s Magnetic Field—The next ques- 
tion is whether there can be. any means by which birds might detect their 
position in the earth’s magnetic field—not by its action on the whole bird as 
Yeagley suggests—but, again, in the semicircular canals. The horizontal canals 
were not considered as available for detection of the streaming of Coriolis force 
in the above discussion because they are oriented at right angles to the force. 
Moreover, they would be actively engaged in reporting the precise degree and 
velocity of the head oscillation whenever position is being ascertained by Ising’s 
method. This head movement from side to side would produce alternate bursts 
of discharge in the ampullae of the two horizontal canals with an active poten- 
tial (in the dogfish) of 10 to 20 microvolts (Lowenstein and Sand, 1936). 
Such experiments apparently cannot be carried out on living birds but one 
might expect the order of sensitivity to be much higher. Even so (and assum- 
ing that an actual current flows in the vestibular branch of the acoustic nerve) 
we do not know that a bird can use this to detect its position in the earth’s 
magnetic field. It is merely of interest that the same oscillation of the head 
producing Coriolis streaming in the vertical canals would simultaneously cause 
the discharge in the horizontal canals. 

Role of the External and Middle Ear—Expanding the picture now, the 
outer ear, seen in fig. 7 (1), is the part lying outside the tympanum. It is 
bounded laterally by a cartilaginous shield in lower forms like the hen and 
pigeon—of bone in the song birds. The supraoccipital, which continues over the 
tympanum as a thin, bony wall in all passerines, almost completely hides the 
drum in the buntings (Emberizinae). The external ear opening becomes 
reduced to a narrow vertical slot. 


The large tympanum of birds is aperiodic. It most resembles a tent in 
shape in which the center pole is the slender columella (2 B) of the middle ear, 
whose foot plate (E) is held by the ligamentum annulare in the oval window 
of the inner ear (3). The role of the drum and columella is to translate 
sound waves of the air medium into vibrations in the fluid medium of the inner 
ear where they are interpreted to the brain by the papilla basilaris of the cochlea. 
Thus the columella is the functional equivalent of the three auditory ossicles 
in mammals. Its bony shaft (B) is surmounted by a flexible cartilage head 
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Fig. 7.—Role of the external and middle ear. The bony external ear (1) contains 
the vascular erectile sac. The middle ear (2) contains the cartilage head (A) of the 
columella (B) held in place by ligaments (C) and M. tensor tympani (D). The foot- 
plate (E) fills the fenestra ovale and below it is the fenestra rotundum (F). The inner 
ear (3) has been separated to make the relations of these parts clear. At the right an ex- 
periment shows pressures experienced in the outer ear of flying birds which the erectile sac 


may eliminate. 


(A) held in place by the drum and by the antagonistic action of elastic liga- 


ments (C) with the M. tensor tympani (_D). This muscle, which is ligamen- 
tous inside the middle ear, enters it via foramen from a fleshy origin outside 
the skull and is chiefly concerned with regulating tension on ie drum. 


The Erectile Sac of the Outer Ear—Pohlman (1921) described an erectile 
auditory pad in the external ear of the domestic fowl (Gallus domesticus). 
Earlier, (1885), Wurm and Graff had independently described a similar pad 
as causing the temporary deafness noted in the Capercaillie (Tetrao urogallus) 
at the height of its rutting call. Before I learned of this work I had discov- 
ered the same structure in the towhee (Pipilo erythropthalmus) and have since 
determined its existence in all passerines—probably all birds. The sac is mem- 
branous and, when deflated, lies back against the postericr wall of the supraoc- 
cipital, attached at its dorsal borders. It is also filled with a net-work of blood 
sinuses and may be inflated with blood by simply pressing anywhere along the 
jugular vein into which it empties via V. auricularis (fig. 8). Since even a 
light, momentary pressure thus dams the blood in the sac, causing it to cover 
the entire tympanum, it seems possible that relaxation of the M. tensor tym- 
pani could produce it. In fig. 8, it seems likely that so long as this muscle is 
contracted with its ligamentous part across (but not contacting) the vein its 
flow may be unimpeded. But if the muscle relaxes at a time when hearing is not 
essential, its fleshy part, coming across the vein might partially dam it, inflating 
the sac with venous blood. However, histological sections seem to indicate 
that the blood vessels of the erectile sac are surrounded by muscle fibres—so 
the inflation with blood and subsequent deflation could be accomplished within 
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the structure itse!f. Bird circulation is so rapid that damming is extremely 
effective. 

Function of the Erectile Sac—The function of this highly specialized sac, 
peculiar to birds, was even more difficult to determine. I kept a house sparrow 
(Passer domesticus) and junco (Junco hyemalis) under close observation for 
months attempting to learn under what conditions the sac was inflated to cover 
the drum. For this work I clipped away the thin auricular feathers covering the 
ear and kept the birds in glass-fronted observation cages. In front of the cage 
I placed a large plano-convex lens (diameter 10 inches) through which I viewed 
the head of the bird with a pair of Sard 6x 20 binoculars, provided by Mr. 
Victor Carbonara, their designer. Since this glass has its objectives closely 
approximated and normally focuses on objects as near as four or five feet, it 
could be used with the above-mentioned lens as close as three feet from the 
bird. Thus, at magnifications as high as 18x, I was able to look into the outer 
ear while the bird went through its normal activities. 

At first I thought the sac might be inflated when the emberizine finches 
perform their extraordinary food-scratching, in which both feet are thrust for- 
ward at once while the head remains fixed in space. It did not inflate and 
I have since decided that this feat is a vane function of the new motion sense 
(Beecher, in press). Again, I observed no inflation when the bird was sub- 
jected to changes in atmospheric pressure equivalent to that at an altitude of 
14,000 feet. I subjected the birds to strong magnetic fields, to rotation on a 
turntable, to various sounds without any effect. Nor did it inflate as a protec- 
tion against foreign objects introduced into the ear nor, so far as I could tell, 
as protection from too strong air currents. It did not appear to inflate when 
the juncos ang. Yet it seems very obvious that this highly specialized avian 
structure must have a special function, and I believe it may well be relatsd to 


flight. 


A simple experiment is shown in fig. 7, in which U-shaped glass tubes are 
partially filled with fluid and the open arm of one side subjected to an air- 
stream. The familiar result is that either a negative or positive pressure can 
be produced, depending on how the air stream is directed. I believe the oute- 
ear of birds to be analogous to this. The thin auricular feathers provide no 
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Fig. 8.—The external ear and its erectile pad. Relaxation of M. tensor tympani may 
dam V. auricularis, filling the blood sinuses of the pad with blood to protect the tym- 
panum from variable air pressures due to flight. 
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impediment to air and the inflation of the supraoccipital (fig. 7, 1) actually 
suggests that it is a functional air scoop in most passerine birds. Let us, th:n, 
consider the probable effect on a tympanum ten times the diameter of the 
human tympanum by proportion, when a bird flies through the air at 40 miles 
per hour. 


If the bird flies straight ahead in perfectly still air, the pressure will be 
equal on both drums, but if it turns its head from side to side the pressure will 
alternate from plus to minus on each drum. Most often the bird will be flying 
against a cross-wind so that pressure on one drum will be plus, on the other, 
minus. If birds actually move their heads from side to side in order to deter- 
mine their position as Ising suggests, there should be some means to avoid the 
disturbing alternation of plus and minus pressures on the ear drums. This 
may be a function of the erectile sac of the outer ear. 


Possibility of Determining Head Velocity.—Ising’s opponents object that, 
in order to determine the value for Coriolis force in a particular latitude, a 
bird must know very precisely the velocity of its head movement from side to 
side. This seems altogether possible. The characteristic feature of an inertia 
system such as the semicircular canals is that the apparent flow of fluid within 
them will exactly report both the degree and velocity of head-turning. Nor is 
this system under any other influences. The semicircular canals would report 
as well in outer space for this is an inertia, not a gravity, system. There is 
also the possibility that the air inertia system of the middle ear vanes might 
independently report this movement via the columellar foot plate and cochlea, 
though this system would be subject to other influences unless the erectile sac 
of the outer ear protected the drum from pressure differences on both sides. 


Possibility of Determining Ground Speed—The Yeagley theory requires 
that the bird know its ground speed and here it must be admitted that we 
know too little about the avian eye. Walls (1942) records over thirty separ- 
ate theories on the function of the pecten. One of the best is certainly that 
of Menner (1938) which attempts to prove its function in motion detection. 
Dunlap and Mowrer (1930) have suggested that the nictitating membrane 
functions 2s a shutter when birds are foraging and it might conceivably be of 
use in this connection also. Trowbridge (1916), using the parallax principle, 
attempted to prove that birds with their lateral vision have a tremendous advan- 
tage over animals with binocular vision in this respect so long as they are 
moving. But the evidence for ground speed detection is not nearly as good 
as that for determination of head velocity. On the other hand, no observer 
has reported head-shaking in migrting birds, nor is one likely to do so. This 
would probably be a rapid movement of very short excursion, only occasionally 
performed. 

Recent Evidence of Rapid Homing.—It seems unfortunate that so much of 
the literature on homing and navigation refers to the common pigeon (Colum- 
ba livia), a notably poor homing species in which the ability to return to its 
roost must be trained. Moreover, most of the flights of pigeons do not seem 
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te take sufficient precautions to insure that there is a strong impulse to return. 

Psychologically, birds are governed entirely by instinctive drives. If a bird 
is removed from its nest it will usually have the drive to return as quickly as 
possible. If the drive to return is not sufficiently strong, it is apparent that 
other drives may intervene—drives to find food—to linger with other birds of 
the species along the way. Of great interest in this connection, are the experi- 
ments on he:ning with swallows reported on by Wojtusiak (1949). Barn 
swallows (Hirundo rustica) removed from their nests returned distances of 120 
kilometers at a minimum speed of 35 km/hour. Distances much beyond this 
are not usually returned in one day so that minimum speeds for return from 
669 kilometers drop to 10-15 km/hour. When allowance is made for sleep, 
feeding and chance contacts with other birds, however, it is not thought that 
the minimum speed drop is very much at all. I think, nevertheless, that dilu- 
tion of the drive to return by more immediate drives must be considered when 
the bird is transported a distance requiring several days to return. The inevit- 
able conclusion must be that these birds return much too promptly for them to 
be using the method of random wandering (Griffin, 1944). 

On the other hand, one might expect more rapid return from distances 
beyond 150 kilometers if the birds have an effective means of navigating, unless 
it is remembered that they return even more slowly from nearer distances. The 
investigators believed the birds simply were not alarmed by the nearer distances 
because the terrain was familiar. A psychological reason may also account, 
then, for the slower return from greater distances. The instinctive drive must 
he very strong, indeed, for birds not to be diverted by other needs and whims. 


Significance of Circling —As with pigeons and other wild bird: (Manwell, 
1941), the swallows characteristically circled upon release and, in most cases 
struck out at once in the correct direction. Even at night Manwell found that 
red-winged blackbirds (Agelaius phoeniceus) could strike out in the correct 
direction and Wojtusiak notes that swallows released at night returned home 
promptly. In attempting to make an evaluation of Coriolis force at the re'ease 
point, a bird could hardly use a better method than that of circling. 


Support for the Ising Theory—On the whole the possibility that birds are 
able to detect the earth’s magnetic field seems rather remote. Observations do 
not support it and the experiments of Yeagley and of Wodzicki, Puchalski and 
Liche (1938) with magnets attached to homing and migrating birds have been 
negative. The idea that birds detect Coriolis force on the entire body as sug- 
gested by Yeagley also seems less well-supported than that of Ising that it is 
detected as a streaming inside the semicircular canals. Once again, the remote- 
ness of these canals from outside influence is stressed. Since the headshaking 
(at known velocity) would be reported by the horizontal canals at the same 
instant the vertical canals are reporting the value of Coriolis force for that lati- 
tude as well as compass heading, Odum’s (1948) objections are largely 
removed. I do not see how the accelerations and pressures due to local weather 
can enter, especially if the erectile sacs exclude disturbances of the footplate in 
the fenestra ovale by covering the tympanum on each side. 
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I should also like to introduce some circumstantial evidence from other 
groups than birds in favor of Coriolis force in animal navigation. Fish, eels, 
sea turtles and seals are known to migrate. The return of the salmon (Onco- 
rhynchus) to a particular branch of a stream to spawn after a long ocean migra- 
tion seems particularly difficult to explain by any proposed theory. All of these 
vertebrates have in common with birds semicircular canals and loccmotion 
through the fluid media of the earth. These fluid media themse!ves are under 
the influence of Coriolis force which causes the turning of the trade winds 
and ocean currents. It is, therefore, proposed that these animals all experience 
Coriolis streaming in their semicircular canals as suggested by Ising for birds. 
This is much different from suggesting that they find their way by the winds 
and currents themselves for these shift in response to complex factors. The 
animals are thought to experience the force directly in the semicircular canals. 
No migration comparable to that of the animals mentioned is known for ani- 
mals living on and progressing by locomotion on the solid earth. Most migra- 
tions of mammals could be accounted for by visual recognition cf remen- 
bered land-marks, though the homing of dogs occasionally by means of th: 
canals seems possible. 


Conclusions.—This paper is necessarily speculative, as have been all pre- 
vious ones on this subject. This must continue so until some valid and feasible 
method of attacking the subject experimentally suggests itself. Meanwhile, we 
are in no position to reject the theories that have been proposed in regard to 
detection of earth forces by birds. The sensory apparatus of birds is certainly 
more complex than has been realized and adequate methods of determining its 
limitations have yet to be devised. On the basis of what we know at present, 
however, the possibility of cetecting Coriolis force in the semicircular canals 
seems better than that of detecting it on the body of the bird as a whole. The 
theory that birds can detect the earth’s magnetic field has not received experi- 
mental confirmation although it is the easiest of all to test. If Coriolis force 
can be used as a compass in the manner proposed above, however, the magnetic 
detection is unnecessary for navigation in birds. 


Summary.—A critical review of the avian ear was made in an effort to 
determine the possibility of detection by it of earth forces useful in navigation. 
Taking the regions in order, the semicircular canals were found to be capable 
of reporting mainly rotational head movements to the brain. The otolith or- 
gans, utriculus, sacculus and lagena, report changes of position of the head as 
long as those positions are sustained. A new motion sense based on the ine-tia 
of air in the tympanic cavity apparently reports thrusting movements of the 


head. 


All birds have a normal attitude of the head, different for different species, 
which is the attitude in which the external semicircular canal is horizontal. 
This is the position of the head in flight, though the body may twist and turn 
in banking manuevers. This suggests that birds may be able to hold the head 
level even when out of visual contact with the ground—an important assump- 
tion of the Ising theory of Coriolis force detection. 
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Since the four vertical canals are inactive in flight, a streaming of the 
contained fluid may occur cue to Coriolis force when the bird moves its head 
from side to side. This force could, theoretically, provide the migrating or 
homing bird with a compass. 

The relation of the vestibular apparatus to the rest of the ear is next shown. 
A membranous sac capable of being inflated by venous blood and of covering 
the ear drum is descrited. Since the birds tested cou!d not te induced to in- 
flate this sac voluntarily, it is thought that this may be done only when the 
bird is in flight—as a means of cutting out unequal air pressure on the drums. 
This micht te done when the bird is attempting to obtain the value for Coriolis 
force in a given locality. 

Recent evidence of rapid homing of wild birds is reviewed with the conclu- 
sion that it cannot be accounted for by random wandering. Additicnal support 
for the ideas of Ising are seen: in the fact that all successful migration and 
homing in vertebrates occurs among the animals occupying the fluid media—air 
and water. Detection of the earth’s magnetic field by birds has not been proved 
by experiment but our knowledge of sensory potentialities is too poor at present 
to permit rejection of most of the theories of earth-force detection. 
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The Food and Feeding Behavior of the Garter 
Snake in New York State 


W. J. Hamilton, Jr. 


Department of Conservation, Cornell University, Ithacz, New York 


Tie food of the eastern carter snake, Than:nophis s. sirtalis,* has ben 
recorded by a number of investigators. Most accounts of the food of this 
species are extremely general, little specific dietary information being included 
in the majority of reports. Surface (1906) has presented a good account of 
a large but unrecorded number of ana'yses. Fitch (1941) studied the food 
and reviews the literature of several westerz, Thamnophis. Pope (1947) states 
that approximately 109 stomachs of sirtalis containirg food have bcen studied 
and lists frogs, toads, salamanders azd earthworms as the main items eaten, 
although he adds irsects and other invertebrates, birds, mammals. snakes and 
carrion to the dietary. A large part of the diet is composed of frogs, toads, 


fish, earthworms and’ probably insects (Conant, 1938). 
1 


Lagler and Salyer (1945) examined 238 Michigan garter snakes co!- 
lected about the banks and shores of natural lakes, pods, streazns and fish 
cultural stations. Of this number, 151 (6644 per cent) individuals contained 


foot. Frequency of food items in wi'd waters were as follows: earthworms, 
457; frogs, 343; insects 14.3; fish, 11.4; toads, 86; salamanders, 2.6. The 
minor items included leeches and snails. About fish hatcheries, the proportion 
of fish was correspondingly greater, the frequency of this item being 45.6; 
frogs and toads, 26; earthworms, 34.4; insects 18.1 while minor items inc'uded 
mammals, carrion, snails and birds. 

The princinal food of 24 garter snakes taken on the George Washington 
National Forest, Vir«inia, consisted of toads, salamanders and earthworms 
(Uhler, Cottam and Clark, 1939). 

In the present study, indivicuals were taken as opportunity aiforded, no 
special effort being made to collect garter snakes. Collections were rather 
equally divided among various habitats, such as sparsely wooded hilisides 
bordering meadows, stream and lake borders, marshes an4 cultivated areas 
about farms. Abcut half of the individuals were taken in wet pasture lands 
or unbrowsed fields. Woodland slopes, with slab rubble, bordered these sites. 
Many of the collecting sites had intermittent streams with a flow until mid- 
summer. Most of the specimens were collected in central and western New 
York, particularly Tompkins, Onondaga and Chautauqua counties. A num- 
ber were taken at Long Lake. Hamilton county, while cthers were secured on 
the Edmund Niles Huyck Preserve at Rensselaerville, Albany County. 

In addition to an analyses of the stomach and intestinal contents, effort was 
made to study the feeding behavior, digestive rate, time and manner of 


* For a discussion of the scientific name of the eastern garter snake, see Schmidt and 


Conant. Copeia, 1950, p. 58. 
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feeding and the piotable amount of fcecd required to maintain normal 
growth. 

Three hundred and eighty-two snakes were examined. Of these 241 (63.1 
per cent) contained recognizable food. 


METHODS AND ACKNOWLEDGMENTS 


Snakes were killed immediately upon capture. Several slits at the juncture 
of the ventrals and lateral scale rows permitted sufficient penetration of 10 
per cent formaldehyde to allow good fixation. Locality, date, habitat and 
time of capture were recorded on a small tag and attached to the specimen. 
Live snakes can be induced to disgorge food from the stomach by exerting 
pressure on the ventral surface from vent to head. This procedure is particu- 
larly effective when the snake has swallowed large items. It is difficult to re- 
cover food items from small individuals in this manner. Contents of the 
intesinal tract usually can be examined only by dissectiox. 

I am indebted to many of my students who aided in the collection of 
specimens. Harry P. Blagbrough took large numbers for study and helped 
me in other ways. 

The food of the garter snake appears to be cetermined largely ty avail- 
able prey species. Lagler and Salyer (op. cit.) have demonstrated striking 
differences in the food of garter snakes collected about natural waters and 
at fish rearing stations during the summer months. Where fish are abundant 
and easily secured, this food is taken nearly to the exclusion of other itenw. 
In the latter part of July, 1946, at Long Lake, New York, I frequently ob- 
served garter snakes feeding on recently transformed pickerel frogs, Rana pa- 
lustris. Similarly, five snakes collected at McLean Bogs, near Ithaca, New 
York, on July 29, 1939, all contained small pickerel frogs. These frogs were 
transforming in large numbers; the snakes appeared to be excited and rapidly 
coursed the pond shore line, searching for this abundant and easily secured 
food. The garter snake appears to be attracted in some numbers to shallow 
ponds at times when bufonids are transforming. Individuals may feed largely 
on young toads shortly after these have transformed and still remain about 
the shore borders. 

DISCUSSION OF Foop 


Earthworms.—All reports, including the present study, indicate that 
earthworms are the important food. Occurring in mere than three-fifths of the 
snakes which contained food, and approximating nearly that in bulk, it is 
evident that earthworms contribute a major share to the dietary of this snake. 
No particular species appears to be favored; size alone dictates the species. 
The majority of the worms were Lumbricus terrestris. A few L. rubellus had 
been eaten. 


Amphibians.—The high incidence of amphibians is proportionately greater 
than indicated in most other reports on garter snake dietary. The low inci- 
dence of toads (in 3.7 per cent of those snakes containing food) is quite 
contrary to the reports of Surface (1906), Uhler et al (1939) and Lagler 
and Salyer (1945). The following species, listed by number of aczual occur- 
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rence are: Rana sylvatica, 13; Bufo terrestris americanus, 9; Rana palustris, 7; 
Desmognathus fuscus, 7; Rana clamitans, 6; Hyla crucifer, 6; Rana pipiens, 
5; Plethodon cinereus, 4; Eurycea bislineata, 4; Rana catesbeiana, 3; Ambys- 
toma maculatum, 2; and undetermined ranic's, 2. Some snakes contained 
three or four small anurans. A few snakes disgorged several salamanders. One 
individual had eaten three large Desmognathus, while a small snake had 
eaten two recently transformed spotted salamanders. 


TaBLE 1.—Food of 241 Garter Snakes collected from 1930-1950 in New York 


State. Percentages carried to nearest decimal 


Fcod Frequency 


Earthworms 56.9 
Amphibians 

Insects 

Mammals 

Molluscs 

Fish 

Crustacea 


Snakes 


Newts (Diemictylus viridescens), while abundant in the adult and eft 
stage in most of the collecting sites, appear to be unmolested by the garter 
snake. The secretions from the skin glands of the newt presumably have a 
toxic effect on this snake, for captive individuals exhibit much discomfo:t when 
they grasp these salamanders. 


Insects.—Reports on the food of garter snakes suggest that most insects 
ate fortuitously eaten or are of secondary origin, as from the viscera of 
ingested amphibians. If one considers complements of the food items in any 
individual, i. e., amphibian and insect remains in the same snake, one micht 
presume that many of the insects recovered from the snake might coxceiv- 
ably be of secondary origin. Surface (op. cit.) has suggested this as a possi- 
bility, and made an attempt to apportion the insect food taken directly or 
relegated such food to a secondary predator. Frequently recently engu!fed 
amphian and insect remains are fcund in the same tract. Disestion often 
has not proceeded to a point where insects could have been released from 
the amphian. The assumption that insects are frequently eaten is based upon 
records where no insect predator has been recovered from the stomach of 
snakes which contained insects. Evidence suggests that thirteen snv'-e; had 
eaten only insects. Ore large garter snake contained a sincle larse sphinaid 
larva, without trace of digestion. No other food was in the visceral tract. Two 
small garter snakes, presumed to be yearlings, contained three weevils and 
two carabid beetles respectively. These were contained in the stomach; the 
viscera was without food remains. Presumptive evidence suggests that these 
insects were eaten directly. One small snake, judged to be a yearling, con- 


99.8 
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tained three tipulid larvae. Another, apparently feeding about carrion, had 
more than forty large maggot larvae in the stomach. September individuals 
include complements of large crickets, Gryllus sp. and many grasshoppers, 
Melanoplus femur-rubrum. The abundance of these orthopterans in the late 
summer and early fall suggests availability. Certainly the snakes feed upon 
then at times to the exclusion of other food. Insects are certainly not fortui- 
tously eaten by Thamnophis. They constitute a not unimportant part of the 
dietary, particularly in the late summer and early fall. 


Ma:mma's.—Of the seven snakes that had eaten mammals, four contained 
field mice, Microtus p. pennsylvanicus. Two of these snakes had eaten 
young fie!d mice, judged to be four to six days old. One snake had remains 
of a chipmunk, Tamias striatus lysteri. Another contained a2 immature 
short-tailed shrew, Blarina brevicauda, while a masked shrew, Sorex cinercus, 
was eaten by one individual. 


Molluscs.—Slugs and snails occurred in 2.9 per cent of the stomachs, 
They weze all taken from young snakes and not accompanied by other ani- 
mal matter (frogs or toads). It is presumed that these were primary food 
items. The slugs include Arion circumscripta and Deroceras; the snails, Tri- 
odopsis and Anguispira. 


Fishes ——Lagler and Salyer (op. cit.) indicate the dietary response of 
garter snakes to heavy populations of fish. In 1928, the late Professor George 
C. Embody kept large quantities of goldfish in the Cornell University Fish 
Hatchery ponds. These fish attracted scores of water snakes and garter 
snakes. It was not uzcommon to see five or six sizeable garter snakes about 
the small ponds moving along the shore line or swimming through the shal- 
low water much in the manner of ribbon snakes. Repeatedly we saw these 
snakes capture goldfish; indeed, they seem more adept, certainly more famil- 
iar with the fish’s habits, than the more sluggish water snakes. One large 
female garter snake which I killed contained a goldfish whose weight must 
nearly have approximated her own. On another occasion I witnessed garter 
snakes preying on stranded black-nosed dace, Rhinichthys atratulus. About 
forty fish were in a shallow pool. The stream that had fed this pool no longer 
ran below this point, limiting the fish to the restricted area. Ore snake, re- 
covered near the pool, contained two of these dace, and another individual 
which I collected in the area had fish remains in the stomach. While bass 
fishing in Fall Creek, near Ithaca, New York, during August, 1947, I saw 
a turmoil in a riffle. I stepped on a large garter snake which held a horned 
dace in its jaws. It disgorged two other fish cf the same species a few mo- 
ments after capture. 


Crustacea.—Crayfish had been eaten by four snakes. One large male, taken 
under a rock bordering a sizeable stream, contained seven small crayfish 
about an inch in length. On capture, the snake disgorged all. A small snake, 
presumably a few weeks old, had eaten several sow bugs, Oniscus. 


Snakes.—The garter snake may turn cannibal, eating its own kind upon 
occasion. Of seven young, all approximately the same size, taken beneath 
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slab wood at Skaneateles, New York in early September, 1948, one had 
eaten a presumed companion of nearly the same size. Two adult garter snakes 
had eaten small individuals of Storeria dekayi. 


Birds —Garter snakes usually shun warm-blooded prey. Records of this 
snake’s dietary suggest that other food is more readily available. A few ref- 
erences suggest that this species will take a bird upon occasion. Two snakes 
contained nestlings; both were assumed to be young song sparrows when 
compared with known material. 


AMOUNT OF Foop EATEN 


Nearly a third of the 382 snakes that were examined did not contain 
food. Other investigators have found a similarly large number of examined 
snakes without food (Uhler et al, 1939; Lagler and Salyer, 1945). The 
relatively large number of snakes that did not contain food suggests that 
these reptiles feed and perhaps fast for a period of days. In all of the col- 
lecting areas, it appears that an abundance of known food could have been 
secured. Captive adults which gorged on earthworms did not take available 
food for eight days or longer following a large meal. Others, when fed 
sparingly at one time (a small wood frog or worm) would eat within a 
24 hour period. 


On June 22, 1949, a large gravid snake (body length 457 mm.) disgorged 
three large nightcrawlers. Eight additional worms, all of large size, were re- 
moved from the stomach. The food equalled a fifth of the snake’s weight. A 
smaller individual (body length 381 mm.) contained four large nightcrawlers 
which approximated a fifth of the snake’s weight. On September 2, 1948, a 
young snake, weighing 4.2 grams, had eaten an 1.3 gram worm, equal in 
weight to 3.1 per cent of the predator. A young garter snake collected Au- 
gust 24, 1947, had swallowed another small snake cf the same species. The 
weight of the victim. was only slightly less than the cannibal. Such accounts 
may appear extraordinary, but examples could be repeated. Suffice to say 
that tremendous meals are taken at times. 


RATE OF DIGESTION 


Rate of digestion is relatively slow in the garter snake. It is determined by 
the character of the food and the amount eaten. Earthworms are digested at 
a relatively rapid rate. A large female (body length 405 mm.) ate two large 
nightcrawlers on August 29, 1949. This snake had been confined without food 
for a ten day period. Fifty hours after eating the worms, the snake was killed. 
The stomach and fore part of the intestine was empty; the end of the visceral 
tract contained vegetable debris ‘and mud, ostensibly from the worms. A 
small snake presumed to be less than a week old was given a small earthworm. 
Forty hours after ingestion, the snake was killed. No food residue was re- 
covered from the visceral tract. 


A large male garter snake, after fasting as a captive for a week was pre- 
sented a 44 mm. toad. The toad was immediately eaten. Ninety-four hours 
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after ingestion, the snake was killed and the toad remains examined. It could 
be recognized superficially as a Bufo. 

A small garter snake, collected in late August, 1948, was presumed to 
be a yearling. This snake, after two days in captivity was introduced into a 
large aquarium containing twenty small toads, averaging 20-26 mm. in length. 
In four hours, the snake ate five toads. No more were taken during the next 
twenty hour period. The snake was killed and the viscera examined twenty- 
four hours after introduction into the aquarium. Remains of the toads showed 
a varying degree of digestion. The first one eaten was well digested, the 
bones devoid of flesh but the viscera fairly intact. The last one to be eaten 
(all were ingested rump first) indicated an almost similar rate of digestion. 

The eastern garter snake feeds at all hours. It is active throughout the 
night, when certain prey species are most active. Foraging continues through- 
out the day, being more pronounced in the early morning hours. The extent 
of digestion is helpful in evaluating the time of feeding. Evidence suggests 
that earthworms are caught during the day, the snakes seeking the sites occu- 
pied by annelids. 
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Age at Maturity of Neotenic Ambystoma 
tigrinum mavortium Baird* 


Bryan P. Glass 
Oklahoma A. & M. College, Stillwater 


It is well known that in the common tiger salamander of the Great 
Plains, Ambystoma tigrinum, occasional individuals grow to large size and 
reach sexual maturity without metamorphosis. The length of time necessary 
for full neoteny to be achieved, however, seems never to have been deter- 
mined. A population of larval tiger salamanders, A. t. mavortium, discov- 
ered in a pond near Enid, Oklahoma, during April, 1948, provides informa- 
tion on the growth rate and age of attainsent of sexual maturity in neotenic 
individuals. 


This impoundment was censtructed in the fall of 1946 by the U. S. Soil 
Conservation Service on the farm of a Mr. Franklin, but due to dry weather 
it contained no water until the end cf winter. Early spring of 1947 was the 
first time, therefore, that salamanders could have spawned in this body 
of water. 


In April, 1948, Mr. Franklin’s son, while fishing in the pond, hooked 
and landed a salamander so large that it was momentarily mistaken for a 
catfish. The specimen was brought to Stillwater, but was dead on arrival. 
Examination showed it to be a gravid female A. t. mavortium ten inches 
long, with caudal fin and gills fully developed (Fig. la). Three days later, 
April 27, the writer ard three students seined the pond with a 30-foot 
minnow scine. Numerous normal larvae, some in the beginning stage of 
transformation, and three large neotenic individuals, two males and one 
female, were taken. The largest of these, a male, was equal in length to 
the original female (Fig. 1b). All were brought back to Stillwater alive. 
Some of the small individuals were preserved on arrival in Stillwater (Fig. 
2b), and others were kept alive for varying lengths of time. 


After two weeks in an aquarium, two of the ncotenic larvae, one male 
and one female, began to show evidence of transformation. The gills began 
to shrink and curl up at the tips, and the tail fins were partially resorbed. 
The other male (Figs. 1b, 2a) retaired all of its larval characters. All 
three specimens were sacrificed in order to preserve the larval features. The 
testes were removed from the unaffected male, fixed in Bouin’s fluid, and 
later sectioned. Examination of the tissue revealed active maturation (Fig. 
3) in all portions of the organ, and in one area the tubes were filled with 
sperm bundles (Fig. 4). Tumescence and black pigmentation of the cloaca 
provided external evidence of maturity. This demonstrates that full sexual 


* Contribution No. 166, Oklahoma A. and M. College, Department of Zoology. 
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Figs. 1, 2. Neotenic Ambystoma tigrinum mavortium (upper)—1. (a) Female dissected 
to show the gravid ovaries. (b) Male showing nuptial condition of the cloacal labia. 
2. (a) Neotenic male with (b) normal larva and (c) recently transformed adult, all approx- 
imately one year old (lower). 
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maturity had been achieved in spite of the otherwise larval condition of 
these individuals. 


By the latter part of May most of the normal larvae had completed 
metamorphosis and assumed adult coloration, (Fig. 2c). None had attained 
7 inches in length. In those that transformed the gonads were large, and 
in one female the ovarics were already gravid. In the small untransformed 
salamanders the gonads were small and undifferentiated; mere threa?s 
of tissue. 


The age of the pond places the age of all salamanders in the collection 
at 12 to 14 months at capture. Normal individuals were approximately one- 
half as large as neotenic individuals of the same age and were apparently 
ready to transform at that size. It is possible that transfer to the laboratory 
and subsequent handling speeded up transformation of the small salamanders, 
as it apparently initiated it in the two neotenes. Whatever the factors are 
that cause neoteny in this species, they seem to be in delicate balance, and 
their effect may be reversed by environmental changes. Transformation of 
already sexually mature individuals can be initiated in this way. 


The fact that both normal and exceptional individuals in the same 
population undergo their development under identical ecological conditions 
indicates that a physiological factor is responsible for neoteny in this species, 
at least in waters on the Great Plains. An ecological factor, such as iodine 
deficiency or low water temperature, should affect whole populations 
uniformly. 


It seems from these observations that sexual maturity in neotenic Amby- 
stoma tigrinum mavortium is attained at the age of about one year, and is 
preceded by rapid growth to a size approximately twice that of a normal 
individual of the same age. It is believed that endocrinological or nutri- 
tional studies by one trained in such investigations would reveal the mech- 
anism responsible for this mode of development. 
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Figs. 3, 4.—3. Setcion of seminiferous tubule of male in fig. 2(a). Note the large 
primary spermatocytes and the darker secondary spermatocytes; 4. Part of testis in fig. 3 
showing bundles of mature spermatozoa. 
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Rhopalocercariae in the Trematode Subfamily 
Gorgoderinae* 


Jacob H. Fischthal 
Harpur College, State University of New York, Endicott 


INTRODUCTION 


In the fall of 1938 a rhopalocercous cercaria of the trematode family 
Gorgoderidae, subfamily Gorgoderinae, was found emerging from the fresh- 
water clam, Micromya iris, collected from the Huron River, Washtenaw 
County, Michigan. Because of the interesting manner in which this cercaria 
becomes entirely enclosed within its own tail, and the fact that only one 
species of rhopalocercaria had previously been described, it was decided to 
study this form in detail. 

Subsequent collections of clams from the Huron River revealed the above 
species of cercaria also occurring in Alasmidonta marginata. Also discovered 
was a second species of rhopalocercaria in Micromya iris, and a third species 
in Elliptio dilatatus. Clams collected in 1940 from Honey Creek, Wash- 
tenwa County, revealed a fourth species of rhopalocercaria emerging from both 
Anodontoides ferussacianus and Alasmidonta calceolus. In 1942 the same 
cercaria was found in the former species of clam from Fleming Creek, Wash- 
tenaw County. A fifth species of rhopalocercaria was found in 1949 emerg- 
ing from Strophitus undulatus quadriplicatus collected from Catatonk Creek, 


Tioza County, New York. 
HISTORICAL 


The only described species of rhopalocercaria, Distomum duplicatu.n, was 
found in Germany by von Baer (1827) occurring in sporocysts in the pond 
mussel (Anodonta). Jacobsen (1842) expressed the opinion that the append- 
age of D. duplicatum was either a tail, an ovary or a special individual. In 
the remarkable paper by Steenstrup (1842) on alternation of generations D. 
duplicatum was correctly recognized as a larval form, but was thought to 
transform into Aspidogaster conchicola. This same cercaria was given the 
new name Rhopalocerca tardigrada by Diesing (1850). Wagener (1857) 
thought C. duplicata to be the young form of Distomum tereticolle, while 
Pagenstecher (1857) tried to demonstrate that it transformed into Distomum 
cygnoides. The latter author furnished an exhaustive study of the anatomy 
of the cercaria, mentioning that the tail could function as a sporccyst. The 
sporocyst in Anodonta was held by Cosmovici (1891) to be the encysted 
young stage of Distomum lanceolatum. From anatomical studies and devel- 
opmental stages Looss (1894) concluded that C. duplicata was the young 
form of Distomum folium. Sinitzin (1901) declared that Looss’s view was 


* Contribution from the Department of Zoology, University of Michigan, Ann Arbor. 
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in error and that von Baer’s C. duplicata was the cercarial stage of some other 
distome. Reuss (1902, 1903) made the most thorough studies on the sporo- 
cyst and cercaria of C. duplicata that we have. Lihe (1909) and Odhner 
(1911) thought that C. duplicata developed into Phyllodistomum folium. 
The structure, development and function of the tail of C. duplicata was 
described in detail by Wunder (1924). Nybelin (1926) believed that C. 
duplicata, as previously described by various authors, consisted of three species 
of cercariae. The first of these, C. duplicata Wagener, 1857, he stated should 
not be placed with the phyilodistome cercariae inasmuch as it possessed a 
pharynx and a Y-shaped excretory bladder. The second species was C. dupli- 
cata Pagenstecher, 1857; although shown with a pharynx, it was thought by 
Nybelin to be an error in observation. The third species, C. duplicata Reuss, 
1903, he considered synonymous with the original C. duplicata von Baer, 
1827. Nybelin on the basis of the sucker ratio, the position of the genital 
primordium, and the position of the genital pore, assumed that C. duplicata 
of Reuss is the larva of Phyllodistomum elongatum. However, in the same 
paper he also postulated that the microcercaria described by Sinitzin (1901), 
as the larva of Phyllodistomum folium, is the larva of P. elonga‘um. This 
contradiction Nybelin somewhat circumvents by a second assumption that C. 
duplicata Reuss could develop into Phyllodistomum pseudofolium. The 
validity cf the latter species has been questioned, and Lewis (1935) declared 
it synonymous with P. folium. 

In the United States Leidy (1858) mentioned finding Rhopalocerca tardi- 
grada Diesing attached to the mantle of Anodonta fluviatilis. He stated that 
specimens were also obtained by Mr. Lea from Anodonta lacustris. In all 
probability Leidy was dealing with a new American species of rhopalocercaria 
rather than with the European form. 


Cercaria micromyae n. sp. 


Cercaria micromyae was found emerging from 52 (approximately 2.2 per- 
cent) of 2,366 Micromya iris (Lea) collected from the Huron River, Wash- 
tenaw County, Michigan, over the period from October, 1939 to October, 
1942. One of the 52 infected clams harbored a double gorgoderid infection, 
the present species and the related rhopalocercous Cercaria pyriformis ce- 
scribed below. Two of the 52 infected with the present species were also 
infected by the gasterostome, Cercaria Bucephalus elegans described by Wood- 
head (1930), while two others of the 52 harbored another gasterostome, Cer- 
caria scioti, also described by Woodhead (1936). 


Cercaria micromyae was also found emerging from 4 (approximately 3.6 
percent) of 110 Alasmidonta marginata (Say) collected from the same 
regions of the Huron River over the same period of time as Micromya iris. 

Because of the extremely short period of free cercarial life and the pro- 
found changes which take place rapidly in the cercarial tail, it was found 
necessary to study the cercaria just prior to its emergance from the daughter 
sporocyst. Thus, active, nearly mature cercariae were secured by disse<t:ng 
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them from daughter sporocysts, and the descriptions of the cercaria which 
follow are of this stage. 

The rhopalocercous Cercaria micromyae consists of the small, spatulate 
body, widest immediately posterior to the acetabulum, and a club-shaped tail 
inserted at the posterior end of the bedy (fig. 1). The tail is slightly more 
than half the length of the body and approximately two thirds its width. No 


stylet, spines, sensory hairs or bristles are present. 


Mean measurements in millimeters (with minima and maxima in paren- 
theses), without coverglass pressure, of 20 nearly mature cercariae dissected 
from the daughter sporocysts occurring in Micromya iris, and fixed in hot 10 
percent formalin are: Body, length 0.559 (0.509-0.667), width 0.129 (0.108- 
0.155); oral sucker, 0.069 (0.063-0.077) x 0.062 (0.055-0.070); acetabulum, 
0.063 (0.055-0.074) x 0.065 (0.055-0.074); anterior end of body to anterior 
margin of acetabulum, 0.245 (0.209-0.302); posterior margin of acetabulum 
to posterior end of body, 0.258 (0.208-0.318); tail, 0.303 (0.254-0.334) x 
0.087 (0.070-0.099); esophagus, length 0.086 (0.075-0.103). Further meas- 
urements of 20 other cercariae killed and stained in Schneider’s acid carmine 
an:] mounted in glycerine under a coverglass are: Ovary, 0.020 (0.017-0.022) 
x 0.017 (0.012-0.021); anterior testis, 0.025 (0.022-0.029) x 0.017 (0.014- 
0.022); posterior testis, 0.033 (0.024-0.040) x 0.019 (0.015-0.022); posterior 
margin of acetabulum to ovary, 0.030 (0.012-0.054); posterior margin of 
acetabulum to anterior testis, 0.042 (0.021-0.060); posterior margin of ace- 
tabulum to posterior testis, 0.080 (0.060-0.103). 


Suckers: The oral sucker and acetabulum are approximately of equal size. 
The oral sucker is slightly elongated antero-posteriorly; the acetabulum is 
nearly circular, located at the middle of the body length, and protrudes a little 
above the body surface. 


Sensory papillae: Papillae are found on both suckers, dorsal and ventral 
: 
surfaces, and the lateral margins of the body. Their arrangement on the 
suckers, and, anterior to the acetabulum, on the surfaces and margins of the 
body show bilateral symmetry. Posterior to the acetabulum papillae on the 
surfaces and margins of the body are inconstant in number and position. 


The oral sucker bears 33 papillae, distributed as in fig. 2. Their number 
and position are constant; however, their size varies. Immediately adjacent to 
and pro‘ecting into the mouth opening are six papillae, three on each of its 
antero-lateral margins. The middle one of each of these two groups has a 
greenish, refractile body located in its distal end. The remainder on the oral 
sucker have a different appearance; in their centers are two concentric rings 
with a very light greenish body at the middie of the inner ring. The differ- 
ence in function, if any, between these two types of oral papillae was not 
determined. 

The acetabulum has 16 papillae, their position being constant (fig. 3). 
Very infrequently 17 papillae are present, the extra one being a third papilla 
appearing on the posterior margin of the acetabulum where usually only two 
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ate found. These papillae have two concentric rings containing a very light 
greenish body within the inner one. Four papillae, each with a greenish, 
refractile body at its distal end, project into the acetabular space. Six large 
radially arranged papillae lie on the muscular portion of the acetabulum; of 
these, two are axial and four are symmeitically placed at the sides. These six 
are a structural combination of the two other types found. A large, greenish, 
refractile bedy in each is directed toward the acetabular space, while the two 
concentric rings having the inner very light greenish body is directed toward 
the margin of the acetabulum. Near and posterior to each of the four lateral 
radially arranged papillae is a single small papilla possessing in its center two 
concentric rings enclosing a very light greenish body. 


The ventral surface of the body has, anterior to the acetabulum, the con- 
stant number of 12 papillae always regularly arranged in two rows of six 
each (fig. 4). The second pair lie off the median about one-fourth the dis- 
tance from the latter to the sides of the body. The other pairs are about 
three-fourths this distance from the median. They measure 0.007 mm. in 
length by 0.009 mm. in width. Posterior to the acetabulum the papillae are 
neither constant in number nor regular in position (fig. 4). The most fre- 
quent number is 13; the next is 11; 12, 14, or 15 are less frequent. These 
measure from 0.005-0.006 mm. in diameter. All the papillae on the ventral 
surface possess two concentric rings and a very light greenish body within the 
inner ring. 

The dorsal surface of the body possesses 17 papillae arranged in two rows 
(fig. 4). Two pairs lie above the oral sucker; three pairs between the latter 
and the acetabulum; three and a half pairs posterior to the latter, that is, a 
row of three and one of four. Very infrequently two rows of four each are 
found posterior io the acetabular region; rarely, there is an additional papilla 
anterior to this region. The papillae on the posterior portion of the dorsal 
surface measure 0.005-0.006 mm. in diameter. All these papillae have two 
concentric rings and a very light greenish body in the middle of the inner ring. 


The lateral papillae in side view appear as nippled tubercles. They are 
constant in number and position anterior to the acetabulum, consisting of a 
row of nine on each side of the body (fig. 4). The first four papillae on 
each side lie fairly close together, lateral to the oral sucker. The sixth and 
seventh papillae are also close together. The remainder are equidistant. The 
second papilla is not on the immediate lateral margin, as are the others, but 
is slightly ventral. There are no lateral papillae opposite the acetabulum, 
but on the margins posterior to the latter there are a variable number; nine 
on each side occur with the greatest frequency. Occasionally, 10 on each side 
may occur or 10 on one side and 9 on the other. These are evenly distrib- 


uted along the body margins. 


Penetration glands: In cercariae dissected from daughter sporocysts nine 
pairs of rather small, mononucleated, unicellular penetration glands are located 
between the brain and the intestinal bifurcation, occasionally overlapping the 
intestinal ceca (fig. 5). Their contents are finely granular. The ducts of 
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the glands on either side of the body lie close together, forming two groups 
which pass dotsal to the brain commissure, thence antero-laterally to the 

stero-lateral surface of the oral sucker. Here the ducts pass dorsal to the 
oral sucker, then. medio-ventrally, fanning out slightly just before opening to 
the outside at the antcrior end of the body. Dilations of the ducts occur 
along their length, especially just behind the oral sucker. 


Digestive system: The mouth is subterminal; pharynx lacking. The 
esophagus is long, thick-walled, has a narrow lumen, and appears S-shaped 
when the body is contracted. The esophageal bifurcation lies about midway 
between the oral sucker ard acetabulum. The intestinal ceca are thin-walled 
and large, extending nearly to the posterior end of the body (fig. 1). 


Nervous system: The dorsal bilobed ganglionic masses, the brain, is pos- 
terior to the oral sucker, and is connected by a broad commissure passing 
dorsal to the esophagus (fig. 1). Three nerve tracts arise from each gangli- 
onic mass. One arises from the antero-lateral margin, passing antero-laterally 
almost to the body wall between the fourth and fifth lateral papillae, and 
then runs along the wall to the point where it meets the oral sucker. Another 
nerve tract passes directly to the lateral margins of the body. The third tract 
passes posteriorly along the ventral margin of the intestinal cecum and extends 
a little beyond the termination of the cecum. At the level of the acetabulum 
a branch passes medio-posteriorly to its margin, while directly opposite another 
branch passes laterally and very slightly anterior to the body wall. All these 
can be seen in living specimens. 


Reproductive system: The reproductive system is already well differen- 
tiated into all its component parts, although they still are small and immature 
(fig. 1). The ovary is globular and smooth. From its antero-dorsal surface 
the oviduct arises and passes antero-mesially for a short distance to the odtype. 
Immediately before the latter region Laurer’s canal arises from the oviduct 
and passes antero-laterally, reaching the dorsal surface approximately above 
the postero-lateral margin of the acetabulum. Two small, smooth, compact 
vitelline lobes lie one on either side of the body, slightly overlapping the 
intestinal ceca. A vitelline duct leads from each vitellarium, joining mesially 
to form a common vitelline duct emptying into the odtype. Mehlis’ gland is 
not discernible at this stage. From the ootype the uterus leads directly for- 
ward over the dorsum of the actabulum, sometimes curving slightly to one 
side, and passes to the locus of the future median genital pore located just 
anterior to the acetabulum. The two testes are slightly elongated, and 
smooth, the anterior testis opposite and slightly oblique to the ovary, the 
posterior testis below the ovary and oblique to the anterior testis. Vasa effer- 
entia arise from the antero-dorsal surface of each testis, pass anteriorly dorsal 
to the acetabulum, then antero-mesiaily to enter the fundament of the genital 
pore. No vas deferens may be distinguished, probably because it may be very 
short at this stage, and may be hidden by the compact mass of cells of the 
future genital pore. Cirrus sac is lacking. 
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The reproductive system is first visible in the early cercarial embryos just 
showing the beginnings of tail formation. At this stage the reproductive 
fundament is located dorsal to the prominent acetabulum, and is about half 
the size of the latter. As the embryo develops, strands of cells comprising 
the reproductive fundament are visible antero-ventrally, connecting the region 
of the future genital pore with the region where the gonads are to be formed. 
Through further differentiation, which was not traced, the complete but im- 
mature reprocluctive system described above is formed. 


Excretory system: The excretory bladder is long, slender, median, thick- 
walled, extending forward to the region of the ovary (fig. 5). The cells 
comprising the bladder wall are very small, and in a single layer, giving the 
wall the appearance of a thin membrane. A small, knot-like bulb is present 
anterior to the origin of the primary tubules. At the pore the bladder is sur- 
rounded by a sphincter. Slightly above the latter and below the ends of the 
intestinal ceca the excretory bladder is dilated to form an enlarged chamber. 
The excretory pore opens into a smal! chamber between the body and tail. 
Two minute pores, one on each side between the angle of the body and tail, 
permit the excretory fluids to escape from this chamber. 


The primary tubules curve antero-laterally about to the posterior margin 
of the acetabulum; they then become convoluted, extending forward to the 
level of the intestinal bifurcation. Here, each of the primary tubules is 
reflexed, passing posteriorly to the level of the posterior margin of the acetab- 
ulum before bifurcating into the two secondary tubules. One passes anteriorly 
to supply the anterior half of the cercaria, while the other passes posteriorly 
into the hind half of the body. The tubules from one side do not communi- 
cate with that of the other, nor is there an anastomosing of tubules from either 
side around the acetabulum. 


It was observed in the present species that each accessory tubule gives rise 
to four capillaries, each ending in a flame cell. Three capillaries of each group 
of four arise from the termination point of the accessory tubules, and the 
fourth arises a short distance before that point. The total number of flame 
cells in this species is 64, distributed 32 to a side, 12 pairs anterior and 20 
pairs posterior to the middle of the acetabulum. No flame cells occur in 
suckers or tail. 


Cystogenous glands: In cercariae dissected from daughter sporocysts 
numerous large, circular, unicellular, mononucleate, cystogenous glands sur- 
round the excretory bladder on all sides within the intercecal space (fig. 5). 
The gland cell consists of a large vacuole filled with a hyaline cystogenous 
fluid surrounded by a thin layer of coarsely granular cytoplasm. A minute 
duct leads from each gland cell to the bladder, while a large, flattened nucleus 
lies in the opposite end of the cell, filling the space between the vacuole and 
the cell membrane (fig. 6). 


Tail: The tail of cercariae dissected from daughter sporocyst is club- 
shaped and large, and is firmly inserted at the posterior end of the body (fig. 
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1). The anterior eighth of the tail is bulbous with a slight constriction setting 
it off from the remainder of the tail, and its cuticular covering is thrown into 
well developed circular folds separated by deep grooves. Immediately below 
the point of constriction similar cuticular folds extend postero-mesially and 
then, bending, extend directly to the distal end of the tail. In longitu<inal 
and cross sections the depressed tail shows a cuticula many times thicker than 
the cuticula of the body (figs. 5 and 11). Under the cuticula is a thin base- 
ment membrane from which is projected into the tail cavity a siigle layer of 
large, loosely massed cells, each with a dista'ly placed prominent nucleus. 
Some of these cells are conical, other pear-shaped, the narrower end of the 
former and the broader end of the latter type projecting into the cavity of the 
tail. Also beneath the cuticula is a layer of poorly ceveloped longitudinal 
muscles lying among the cells. A large, central, fluid-filled cavity occupies 
much of the tail. In longitudinal sections the cells of the anterior eighth of 
the tail, from the point of constriction forward, are noted to be smaller and 
more massed together than in the posterior part of the tail and they fill this 
region completely. Movements of the tail are feeble and not frequent. 


In young, developing cercariae the tail is made up of a compact mass of 
large cells, each with a larce nucleus (fig. 12). Near the posterior end of the 
developing tail a sinail central cavity forms. Disintegration of cells brings 
about the enlargement of the tail cavity, and, at the same time, the remaining 
cells take on the characteristic conical and pear-shaped forms. Finally, only 
the one layer of loose!y massed cells remains in the nearly mature cercaria. 


METACERCARIA 


Upon emerging from the clam the tail of the cercaria is transformed into 
a non-adhesive, balloon-like structure containing a central round chamber into 
which the cercarial body is drawn (see discussion below). Immediately, the 
cercaria secretes a cyst about itself within the tail chamber (see discussion 
below). The metacercarial stage does not require an intermediate host for 
encystment, but is found on the bottom of dishes in which isolated infected 
clams are kept (figs. 7-10). 

Although the metacercariae emerging from Micromya iris and A!asmidon- 
ta marginata are morphologically alike, it was deemed advisable to present 
separate measurements from these two hosts in order to avoid possible confu- 
sion of the two should future life cycle studies show them to be different 
species. Mean measurements in millimeters (with minima and maxima in 
parentheses) of the transformed cercarial tail of 60 living worms from Micro- 
mya iris, without coverglass pressure, are: Tail, length 0.428 (0.321-0.578), 
width 0.383 (0.302-0.440); chamber, 0.214 (0.175-0.255) x 0.222 (0.180. 
0.250); posterior cell mass, 0.077 (0.064-0.099) x 0.086 (0.072-0.101); dis- 
tance from anterior end to chamber, 0.147 (0.032-0.263); distance from 
chamber to posterior end, .070 (0.032-0.120). 

Measurements of the transformed cercarial tail of 20 living worms from 


Alasmidonta marginata are: Tail, length 0.361 (0.325-0.410), width 0.298 
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(0.278-0.320) ; chamber, 0.183 (0.170-0.20) x 0.196 (0.173-0.205); posterior 
cell mass, 0.066 (0.056-0.069) x 0.067 (0.057-0.072); distance from anterior 
end to chamber, 0.107 (0.090-0.150) ; distance from chamber to posterior end, 
0.071 (0.053-0.083). 

A comparison of the measurements of metacercariae from the two hosts 
shows that the transformed tail is definitely smaller in those from A. mar. 
ginata. This difference in size may be due to their development in two differ. 
ent genera of clams. 

Only two visible differences between the body of the cercaria, fully formed 
but not emerged from the sporocyst, and the metacercaria may be noted. 
One is the presence of only eight pairs of penetration glands in the latter, 
whereas the former possesses nine pairs. A single pair of glands was appar- 
ently used by the cercaria in migrating from the daughter sporocyst to the 
mantle cavity of the clam. The other difference between the cercaria and 
metacercaria is the absence of cystogenous glands in the latter, for the con- 
tents of these glands are extruded by the cercaria during the process of 
encystment. Body measurements of 25 metacercariae from Micromya ins 
show their means and ranges to be identical with the figures cited above for 
cercariae dissected from the daughter sporocysts. 

Mean body measurements in millimeters (with minima and maxima in 
parentheses), without coverglass pressure, of 20 metacercariae from Alasmi- 
donta marginata fixed in hot 10 percent formalin are: Body, length 0.477 
(0.435-0.533), width 0.10 (0.096-0.112); oral sucker, 0.067 (0.064-0.069) x 
0.057 (0.053-0.061); acetabulum, 0.058 (0.053-0.067) x 0.058 (0.053-0.063); 
anterior end of body to anterior margin of acetabulum, 0.210 (0.188-0.248) ; 
posterior margin of acetabulum to posterior end of body, 0.212 (0.190-0.230); 
esophagus, length 0.082 (0.075-0.093). Further measurements of 20 other 
worms killed and stained in Schneider’s acid carmine and mounted in glycer- 
ine under a coverglass are: Ovary, 0.018 (0.014-0.021) x 0.013 (0.010-0.018); 
anterior testis, 0.025 (0.021-0.032) x 0.013 (0.010-0.016); posterior testis, 
0.034 (0.023-0.061) x 0.013 (0.010-0.017); postericr margin of acetabulum 
to ovary, 0.030 (0.019-0.040); posterior margin of acetabulum to anterior 
testis, 0.052 (0.039-0.069) ; posterior margin of acetabulum to posterior testis, 
0.081 (0.060-0.113). 


Comparison of the body measurements of metacercariae from the two 
hosts shows that those from A. marginata are definitely smaller in several 
respects. Again, these differences in sizes may be due to their development in 
different genera of clams. 

Examination of 100 metacercariae from M. iris showed the gonads to be 
decidedly amphitypic. The ovary and posterior testis were on the left, the 
anterior testis on the right, in 49 individuals, while the condition was reversed 
in the other 51. 

Metacercariae can be kept alive at room temperature four to six days, and 
by refrigeration one to two days more. At the most, metacercariae live no 
longer than about eight days under usual laboratory conditions. Its life span 
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under natural conditions is unknown, but probably does not exceed ten days 
to two weeks. 


DAUGHTER SPOROCYST 


The daughter sporocysts are found in enormous numbers in the visceral 
mass of the molluscan host, lying chiefly in the gonads, connective tissues, 
and digestive gland (fig. 13). The sporocyst is passive; however, on a few 
rare occasions a wave of contraction was seen passing down one side of its 
body. Twenty living older daughter sporocycts from Micromya iris, without 
coverglass pressure, measured 0.705 (0.625-0.840) x 0.298 (0.270-0.330) mm. 
They are egg-shaped, one end being attenuated and pointed, the outer rounded 
and blunt. No tubercles occur on the outer surface. In reflected light the 
sporocysts are whitish; in transmitted light they appear dark browa and decid- 
edly opaque. 

The body cavity of the sporocyst is large and contains cercariae in various 
stages of development. A subterminal birth pore occurs on the attenuated 
pointed end. On several occasions cercariae were observed emerging through 
it anterior-end first. In dead sporocysts the pore is readily noticeable, since 
the sphincter muscles are relaxed. Leading up to the pore, the body cavity 
constricts sharply for a short distance forming a narrow passage-way. Dissec- 
tions of 15 daughter sporccysts revealed averages of 1.7 active, nearly mature 
cercariae, 2.9 developing cercarial embryos, 2nd 3.5 spherical embryos. 

Examination of cross and longitudinal sections of sporocysts in situ shows 
that the body wall is extremely thick, being bounded on the outside by a 
relatively thick cuticula, on the inside by a non-cellular limiting membrane of 
about the same thickness as the cuticula and taking almost precisely the same 
stain as the latter (fig. 13). In some thicker parts of the inner limiting 
membrane lie embryos of different sizes completely surrounded by this mem- 
brane (fig. 14). Immediately below and adjacent to the cuticula is a layer 
of scattered, weakly developed, minute longitudinal muscle fibers. A single 
wide layer of large cells of irregular form and varying in size fills the space 
between the cuticula and inner membrane; these cells contain a large fiuid- 
filled vacuole with many large granules which, in life, are brownish and refrac- 
tile, making the body extremely opaque (fig. 15). A nucleus cannot be defi- 
nitely associated with any of these cells. 


Other much smaller cells, composed of large nuclei surrounded by a rela- 
tively small amount of cytoplasm, are seen lying within the cellular region 
of the sporocyst wall (fig. 16). These cells occur at any place within the 
cellular region, usually near the cuticula. Other nuclei, similar to those 
mentioned above but with no apparent cytoplasmic envelopes, are commonly 
seen. These nuclei, those with and without the cytoplasmic envelopes, are 
large, each possessing a prominent eccentric nucleolus usually located on the 
nuclear membrane. Their few chromatin particles are also located on the 
membrane. These nuclei occur separately, but occasionally massed together. 


A second less common type of nucleus lacking a cytoplasmic envelope 


404 THE AMERICAN MiIpLanp NATURALIST 46 (2) 


seems to be present in the sporocyst wall. However, it differs from the 
others described for this species in being smaller, in possessing a less promi- 
nent nucleolus, and in having larger, more numerous chromatin particles 
more evenly scattered through the nuclear sap than in the other types. The-e 
nuclei are usually grouped in a denser region of a general protoplasmic mass 
(fig. 17). 

The first of these two structural types of nuclei in the preseat species 
perhaps represents the actual nucleus of the large, vacuolated cell, while the 
other may be the nuclei of the germ cells which develop into the embryo. 
When the masses of smaller nuclei with numerous diffuse chromatin particles 
are compared with the embryos located in the membrane limiting the body 
cavity, one notes such similarities as to suggest that these masses of smaller 
nuclei in their general protoplasmic envelope might be the forerunners of the 
embryos. In support of this idea, there is a high correlation between the 
small numbers of massed nuclei, the few embryos located in the limiting 
membrane of the body cavity, and the few cercarial embryos in the bedy 
cavity. The average number of cercarial embryos of all sizes is approximate- 
ly eight. Embryos occur in the limiting membrane of the body cavity at any 
level of sporocysts of all ages, indicating that embryo formation is not 
restricted to one locus. No definite germ layer has been observed. 


The significance of the brownish, refractile granules in the large, vacuolated 
cells could not be determined. Perhaps they may have some nutritive func- 
tion for the embryos developing in the body cavity of the sporocyst. Numer- 
cus fat droplets, possibly also of some nutritive value, are seen in the wal! of 
the living sporocyst. 


A very young daughter sporocyst was found in situ in the clam tissue 
(figs. 13 and 18). Its cuticula is thick, the inner non-cellular limiting mem- 
brane is somewhat thin, and the middle layer is a mass of nuclei piled one 
upon another. These nuclei have the same appearance as described for those 
from the mature daughter sporocysts. The cell membranes are scarcely visi- 
ble. No vacuoles containing granules are discernible at this stage. The body 
cavity is already formed, and in it is a single large embryo surrounded by a 
vitelline membrane provided with several prominent nuclei. 


Cercaria catatonki n. sp. 


Cercaria catatonki was found emerging from 34 (approximately 9.8 per- 
cent) of 346 Strophitus undulatus quadriplicatus (Sowerby) collected from 
Catatonk Creek, Tioga County, New York, during the period from May to 
October, 1949. 

The rhopalocercous Cercaria catatonki dissected from daughter sporocysts 
consists of the small, spatulate body, widest immediately posterior to the ace- 
tabulum, and a club-shaped tail inserted at the posterior end of the body (fig. 
24). The tail is approximately one-fifth the body length and three-fourths 
its width. No stylet, spines, sensory hairs or bristles are present. 
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Mean measurements in millimeters (with minima and maxima in paren- 
theses), without coverglass pressure, of 20 nearly mature cercariae dissected 
from the daughter sporocysts and fixed in hot 10 percent formalin are: Body, 
length 0.496 (0.436-0.627), width 0.115 (0.099-0.139) ; oral sucker, 0.069 
(0.060-0.081) x 0.061 (0.054-0.071); acetabulum, 0.061 (0.054-0.069) x 
0.057 (0.051-0.072); anterior end of body to anterior margin of acetabulum, 
0.215 (0.158-0.310); tail, 0.196 (0.132-0.370) x 0.088 (0.073-0.112); esoph- 
agus, length 0.076 (0.065-0.091). Further measurements of 20 other cercariae 
killed and stained in Schneider’s acid carmine and mounted in glycerine under 
a coverglass are: Ovary, 0.022 (0.017-0.026) x 0.019 (0.015-0.023); anterior 
testis, 0.026 (0.023-0.029) x 0.020 (0.015-0.028); posterior testis, 0029 
(0.023-0.040) x 0.021 (0.017-0.026); posterior margin of acetabulum to 
ovary, 0.032 (0.017-0.046) ; posterior margin of acetabulum to anterior testis, 
0.045 (0.031-0.066) ; posterior margin of acetabulum to posterior testis, 0.077 
(0.050-0.109). 

The oral sucker and acetabulum are similar to those in Cercaria 
micromyae. 

Sensory papillae resemble those in C. micromyae as to character. They 
are similar in number and distribution to this species on the oral sucker (fig. 
2), and on the margins and dorsal and ventral body surfaces anterior to the 
acetabulum. The papillae on the ventral surface antezior to the acetabulum 
measure 0.0066 mm. in length by 0.0073 mm. in width (fig. 26). 

The 15 papillae on the acetabulum (fig. 25) resemble those in C. mi- 
cromyae in number and distribution, except that in C. catatonki only one 
sensory papilla, instead of two, occurs at the posterior margin. Very infre- 
quently a second papilla appears on this margin. 


The papillae on the dorsal surface of the body posterior to the acetabulum 
are only five in number, instead of seven or eight as in C. micromyae. They 
are distributed in one row of two and one of three papillae (fig. 26). 


On the ventral surface posterior to the acetabulum, the most frequent 
numbers of papillae found are 12 and 13; the next is 14; 9, 10, or 11 are less 
frequent. These measure 0.006 mm. in diameter. 


On the margins of the body posterior to the acetabulum 11 pairs of lateral 
sensory papillae, instead of nine pairs as in C. micromyae, occur with the 
greatest frequency. Occasionally, 10 on each side may occur or 10 01 on? 
side and 11 on the other. 


Penetration glands are similar in number and structure to those in C. 
micromyae (fig. 24). 


Digestive, nervous, reproductive, and excretory systems resemble those in 
C. micromyae in all respects (fig. 24). The total number of flame cells in 
the excretory system could not be determined. 


Cystogenous glands are similar to those in C. micromyae (figs. 6, 19, and 
24). 
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The structure of the club-shaped tail is similar to that in C. micromyae 
(figs. 19, 20, and 24). 


METACERCARIA 


The transformed cercarial tail resembles that of C. micromyae. As in the 
latter species, a cyst is secreted around the worm within its own tail, resulting 
in the metacercarial stage (figs. 27 and 28). 

Mean measurements in millimeters (with minima and maxima in paren- 
theses) of the transformed cercarial tail of 20 living worms, without cover- 
glass pressure, are: Tail, length 0.445 (0.396-0.488), width 0.275 (0.224. 
0.343); chamber, 0.20 (0.185-0.224) x 0.191 (0.145-0.211); posterior cell 
mass, 0.073 (0.066-0.079) x 0.075 (0.066-0.079); distance from anterior end 
to chamber, 0.167 (0.099-0.205); distance from chamber to posterior end, 
0.079 (0.059-0.099). 

The sane two differences between the body of the cercaria, fully formed 
but not emerged from the sporocyst, and the metacercaria occur in C. cata- 
tonki and C. micromyae. The metacercaria has one pair of penetration glands 
less, and it also lacks cystogenous glands. 

Body measurements of 20 metacercariae show their means and rariges to 
be identical with the figures cited above for cercariae dissected from the daugh- 
ter sporocysts. 

Examination of 20 metacercariae showed the gonads to be somewhat 
amphitypic. The ovary and posterior testis were on the left, the anterior 
testis on the right, in 14 individuals, while the condition was reversed in the 
other six. 


DAUGHTER SPOROCYST 


The daughter sporocysts resemble those in C. micromyae as to location 
within the clam host, general appearance, and all aspects of their morphology 
(figs. 20-23). Similar conclusions were reached for both species. Twenty 
living older daughter sporocysts, without coverglass pressure, measured 0.711 
(0.482-0.924) x 0.307 (0.244-0.389) mm. 

Dissections of 15 daughter sporocysts revealed an average number of six 
cercarial embryos of all sizes, instead of eight as in C. micromyae. There 
were averages of 1.2 active, nearly mature cercariae, 2.9 developing cercarial 
embryos, and 1.5 spherical embryos. 


Cercaria honeyi n. sp. 


Cercaria honeyi was found in 19 (approximately 6.3 percent) of 300 
Anodontoides ferussacianus (Lea) and in 9 (approximately 2.4 percent) of 
372 Alasmidonta calceolus (Lea) collected from Honey Creek, Washtenaw 
County, Michigan, from July, 1940 to October, 1941. In April, 1942 only 
ene (approximately 0.9 percent) of 115 A. ferussacianus collected from Fle:r- 
ing Creek, Washtenaw County, was infected. 
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The rhopalocercous Cercaria honeyi dissected from daughter sporocysts 
consists of the small, spatulate body, widest immediately posterior to the ace- 
tabulum, and a club-shaped tail inserted at the posterior end of the body (fig. 
29). The tail is slightly less than half the body length and approximately 
two-thirds its width. No stylet, spines, sensory hairs or bristles are present. 


Mean measurements in millimeters (with minima and maxima in paren- 
theses), without coverglass pressure, of 20 nearly mature cercariae dissected 
from daughter sporocysts occurring in Anodontoides ferussacianus, and fixed 
in hot 10 percent formalin are: Body, length 0.541 (0.495-0.585), width 
0.115(0.109-0.123); oral sucker, 0.071 (0.069-0.074) x 0.061 (0.059-0.064) ; 
acetabulum, 0.060 (0.059-0.064) x 0.061 (0.059-0.067); anterior end of body 
to anterior margin of acetabulum, 0.243 (0.215-0.263); posterior margin of 
acetabulum to posterior end of body, 0.243 (0.218-0.285); tail, 0.224 (0.195- 
0.255) x 0.076 (0.069-0.080) ; esophagus, length 0.089 (0.083-0.096). Fur- 
ther measurements of 20 other cercariae killed and stained in Schneider’s acid 
carmine and mounted in glycerine under a coverglass are: Ovary, 0.017 (0.015- 
0.019) x 0.016 (0.013-0.019); anterior testis, 0.021 (0.016-0.026) x 0.016 
(0.015-0.019); posterior testis, 0.025 (0.018-0.031) x 0.016 (0.011-0.019); 
posterior margin of acetabulum to ovary, 0.033 (0.024-0.042); posterior mar- 
gin of acetabulum to anterior testis, 0.047 (0.032-0.061); posterior margin of 
acetabulum to posterior testis, 0.077 (0.056-0.095). 


C. honeyi resembles C. micromyae in every respect, except one (figs. 2, 
4, 6, and 29). This exception is the presence in C. honeyi of only one sen- 
sory papilla, instead of two, at the posterior margin of the actabulum (fig. 
25). The total number of flame cells could not be determined for C. honeyi. 


C. honeyi differs from C. catatonki in only one characteristic, namely, in 
having 7 or 8 sensory papillae, instead of five, on the dorsal surface of the 
body posterior to the acetabulum. The number of papillae on the dorsal 
surface of the body in rhapalocercariae is constant, and, therefore, any differ- 
ence occurring between closely related species should be a valid charactertistic 
for separating them. 


METACERCARIA 


The cercaria does not require an intermediate host for encystment. Upon 
leaving the clam, it is drawn into a central spherical chamber of its trans- 
formed non-adhesive, balloon-like tail within which it secretes a cyst about 
itself (figs. 30-33). Although the metacercariae from Anodontoides ferus- 
sacianus and Alasmidonta calceolus are morphologically alike, it seemed advis- 
able, as in the case with Cercaria micromyae, to present separate measute- 
ments from those two hosts in order to avoid possible confusion of the two 
should future life cycle studies show them to be different species. 


Mean measurements in millimeters (with minima and maxima in paren- 
theses) of the transformed cercarial tail of 20 living worms from A. ferus- 
‘acianus, without coverglass pressure, ate: Tail, length 0.464 (0.429-0.509), 
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width 0.368 (0.334-0.398); chamber, 0.219 (0.191-0.239) x 0.227 (0.207. 
0.239); posterior cell mass, 0.072 (0.066-0.081) x 0.074 (0.066-0.081); 
distance from anterior end to chamber, 0.186 (0.143-0.239); distance from 
chamber to posterior end, 0.066 (0.048-0.082). 

Measurements of the transformed cercarial tail of 20 living worms from 
A. calceolus are: Tail, length 0.432 (0.405-0.465), width 0.358 (0.335-0.370); 
chamber, 0.216 (0.190-0.240) x 0.225 (0.180-0.248); posterior cell mass, 
0.069 (0.060-0.075) x 0.077 (0.072-0.083); distance from anterior end to 
chamber, 0.148 (0.128-0.180); distance from chamber to posterior end, 0.066 
(0.053-0.090) 

As in C. micromyae and C. catatonki, the metacercaria differs from the 
cercaria within the daughter sporocyst in having one pair of penetration glands 
less, and also in lacking cystogenous glands. 

Body measurements of 20 metacercariae from A. ferussacianus show means 
and ranges almost identical with figures cited above for cercariae dissected 
from daughter sporocysts. Mean body measurements in millimeters (with 
minima and maxima in parentheses), without coverglass pressure, of 20 meta- 
cercariae from A. calceolus fixed in hot 10 per cent formalin are: Body, 
length 0.514 (0.465-0.555), width 0.119 (0.104-0.133); oral sucker, 0.075 
(0.069-0.083) x 0.064 (0.061-0.075) ; acetabulum, 0.063 (0.059-0.077) ; anterior 
end of body to anterior margin of acetabulum, 0.228 (0.20-0.255); posterior 
margin of acetabulum to posterior end of body, 0.222 (0.195-0.240); esopha- 
gus, length 0.086 (0.080-0.093). Further measurements of 20 other cercariae 
killed and stained in Schneider’s acid carmine and mounted in glycerine 
under a coverglass are: Ovary, 0.020 (0.016-0.023) x 0.015 (0.013-0.021); 
anterior testis, 0.022 (0.018-0.029) x 0.015 (0.013-0.019); pesterior testis, 
0.027 (0.021-0.033) x 0.017 (0.014-0.023); posterior margin of acetabulum 
to ovary, 0.034 (0.021-0.046); posterior margin of acetabulum to anterior 
testis, 0.048 (0.029-0.064) ; posterior margin of acetabulum to posterior testis, 
0.075 (0.056.0.096). 

A comparison of measurements of worms from the two hosts shows that 
they are almost identical in all aspects, except for the length of the trans- 
formed tail. The difference in tail length is confined to the shorter distance 
between its anterior end and chamber in A. calceolus. Whether this differ- 
ence is significant cannot be determined until the life cycle of this form is 
elucidated. 


DAUGHTER SPOROCYST 


The passive daughter sporocysts were not studied in detail. As in the 
other rhopalocercariae, they are found in enormous numbers in the visceral 
mass. They are egg-shaped, one end being attenuated and pointed, the other 
rounded and blunt. In reflected light the sporocysts are whitish; in trans- 
mitted light they appear dark brown and decided!y opaque. 


The body cavity of the sporocyst is large and contains cercariae in various 
stages of development. A subterminal birth pore occurs on the attenuated, 
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pointed end. On several occasions cercariae were observed emerging through 
it anterior-end first. In dead sporocysts the pore is readily noticeable, since 
the sphincter muscles are relaxed. Leading up to the pore, the body cavity 
constricts sharply for a short distance forming a narrow passage-way. 


Cercaria pyriformis n. sp. 


Cercaria pyriformis was found emerging from 21 (approximately 0.9 per- 
cent) of 2,366 Micromya iris (Lea) collected from the Huron River, Wash- 
tenaw County, Michigan, over the period from October, 1939 to October, 
1942. One of the 21 infected clams harbored a double gorgoderid infection, 
the present species and the related rhopalocercous Cercaria micromyae 


described above. 


The rhopalocercous Cercaria pyriformis Ccissected from daughter sporo- 
cysts consists of the small, spatulate body, widest immediately posterior to 
the acetabulum, and a club-shaped tail inserted at the posterior end of the 
body (fig. 34). The tail is approximately half the length of the body and 


three-fourths its width. No stylet, spines, sensory hairs or bristles are present. 


Mean measurements in millimeters (with minima and maxima in paren- 
theses), without coverglass pressure, of 20 nearly mature cercariae dissected 
from the daughter sporocysts, and fixed in hot 10 percent formalin are: 
Body, length 0.627 (0.570-0.705), width 0.122 (0.109-0.138); oral sucker, 
0.077 (0.067-0.083) x 0.070 (0.064-0.075); acetabulum, 0.071 (0.064-0.020) 
x 0069 (0.064-0.075) ; anterior end of body to anterior margin of acetabulum, 
0.271 (0.225-0.315); posterior margin of acetabulum to posterior end of 
body, 0.289 (0.270-0.315); tail, 0.211 (0.170-0.30) x 0.089 (0.075-0.115); 
esophagus, length 0.097 (0.086-0.123). Further measurements of 20 other 
cercariae killed and stained in Schneider’s acid carmine and mounted in glycer- 
ine under a coverglass are: Ovary, 0.020 (0.016-0.023) x 0.017 (0.014-0.021); 
anterior testis, 0.033 (0.027-0.039) x 0.019 (0.014-0.024); posterior testis, 
0.037 (0.027-0.043) x 0.020 (0.016-0.02+4) ; posterior margin cf acetabulum to 
ovary, 0.041 (0.021-0.060) posterior margin of acetabulum to anterior testis, 
0.052 (0.032-0.076); posterior margin of acetabulum to posterior testis, 0.087 
(0.058-0.111). 


C. pyriformis resembles C. micromyae in all but two respects (figs. 2, 3, 6, 
34, and 35). It differs in having 11 pairs of penetration glands, instead of 
cnly nine, and in having five sensory papillae, instead of seven or eight, on 
the dorsal surface of the body posterior to the acetabulum. It differs similar- 
ly from C. catatonki and C. honeyi in regard to the penetration glands, and 
only from C. honeyi in regard to the number of sensory papillae on the dorsal 
surface of the body posterior to the acetabulum. C. pyriformis differs further 
from C. catatonki and C. honeyi in possessing two sensory papillae, instead of 
one, on the posterior margin of the acetabulum. 


The total number of flame cells in the excretory system could not be 
determined for C. pyriformis. 
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METACERCARIA 


The transformed cercarial tail differs from all described rhopalocercariae 
in being pear-shaped, instead of ovoid (figs. 36 and 37). Otherwise, it is 
similar to those in C. micromyde, C. catatonki, and C. honeyi. A cyst is 
secreted around the worm within its own tail, resulting in the metacercarial 
stage. 

Mean measurements in millimeters (with minima and maxima in paren- 
theses) of the transformed cercarial tail of 20 living worms, without cover- 
glass pressure, are: Tail, length 0.383 (0.345-0.420). width of anterior region 
0.218 (0.195-0.240), width of posterior region, 0.284 (0.248-0.315); chamber, 
0.213 (0.185-0.240) x 0.238 (0.210-0.270); posterior cell mass, 0.069 (0.056- 
0.075) x 0.081 (0.075-0.091); distance from anterior end to chamber, 0.138 
(0.120-1.155); distance from chamber to posterior end, 0.069 (0.056-0.075). 

As in the preceding species of rhopalocercariae, the metacercaria has one 
pair of penetration glands less than the cercaria within the daughter sporo- 
cyst, and it also lacks cystogenous glands. 

Body measurements of 20 metacercariae show their means and ranges to be 
identical with the figures given above for cercariae dissected from the daugh- 
ter sporocysts. 


DAUGHTER SPOROCYST 


The daughter sporocyst was not studied in detail. They are egg-shaped, 
passive, and are found in enormous numbers in the visceral mass of the clam 
host, as is the case in the other rhopalocercariae. Fifteen living older daugh- 
ter sporocysts, without coverglass pressure, measured 0.651 (0.60-0.750) x 
0.309 (0.270-0.353) mm. In reflected light the sporocysts are whitish; in 
transmitted light they appear dark brown and decidedly opaque. 


The body cavity of the sporocyst is large and contains cercariae in various 
stages of development. A subterminal birth pore occurs on the attenuated, 
pointed end. In some dead sporocysts the pore is readily noticeable. Lead- 
ing up to the pore, the body cavity constricts sharply for a short distance 
forming a narrow passage-way. 


An average of five developing embryos were found in dissections of 15 
daughter sporocysts. Averages of 1.2 active, nearly mature cercariae, 2.8 
developing cercarial embryos, and 1.4 spherical embryos were observed. This 
differs from the average number of eight embryos in C. micromyae and six in 
C. catatonki. 


Cercaria filicauda n. sp. 


Cercaria filicauda was found emerging from two (approximately 0.4 per- 
cent) of 463 Elliptio dilatatus (Rafinesque) collected from the Huron River, 
Washtenaw County, Michigan, over the period from October, 1939 to Sep- 
tember, 1942. One of these infected clams collected on October 11, 1939 
produced cercariae steadily for one year until its death on October 10, 1940. 
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Because of the scarcity of infected clams, and the death and decomposi- 
tion of the infected two before daughter sporocysts could be recovered, it was 
rot possible to study cercariae dissected from the latter. Therefore, the 
descriptions which follow are of the metacercarial stage. However, as pointed 
out for the preceding four species of rhopalocercariae, the metacercaria differs 
very little from the cercaria. The unfortunate lack of sporocyst material 
prevented a study of the development of the interesting transformed ce:carial 


tail of C. filicauda. 


METACERCARIA 


Upon emerging from the clam the tail of the cercaria is transformed into 
a structure of two divisions (figs. 38 and 39). The anterior division is a 
non-adhesive, balloon-like structure, containing a central spherical chamber 
into which the cercarial body is drawn for encystment. It is similar to that 
described for all the other rhopalocercariae, but is approximately one and 
three-fourths times longer. The posterior division consists of an elongate, 
adhesive, elastic, structureless, thread-like filament of cuticula attached to 
what was the posterior tip of the cercarial tail. The filament adheres readily 
to glass as well as to the dissecting needle, coming free with difficulty and 
often breaking after ccnsiderable stretching. The average length of this fila- 
ment in 20 specimens is 5.68 times greater than the average length of the 
anterior inflated division. This filament differentiates C. filicauda from all 
known rhopalocercariae. 

Mean measurements in millimeters (with minima and maxima in paren- 
theses) of the transformed cercarial tail of 20 living worms, without cover- 
glass pressure, are: Anterior division, length 0.747 (0.705-0.820), width 0.533 
(0.465-0.60); chamber, 0.277 (0.255-0.315) x 0.246 (0.225-0285); posterior 
cell mass, 0.136 (0.105-0.180) x 0.083 (0.070-0.098); distance from anterior 
end to chamber, 0.326 ((0.265-0.375); distance from chamber to posterior end 
of anterior division, 0.136 (0.105-0.180); posterior filament, length 4.241 
(3.585-5.250) . 

The metacercaria consists of the small, spatulate body, widest immediately 
posterior to the acetabulum (fig. 40). No stylet, spines, sensory hairs or 
bristles are present. Mean measurements in millimeters (with minima and 
maxima in parentheses), without coverglass pressure, of 20 metacercariae fixed 
in hot 10 percent formalin are: Body, length 0.664 (0 605-0.728), width 
0.114 (0.101-0.138); oral sucker, 0.098 (0.091-0.102) x 0.084 (0.080-0.089) ; 
acetabulum, 0.088 (0.083-0.096) x 0.089 (0.083-0.099) ; anterior end of body 
to anterior margin of acetabulum, 0.311 (0.270-0.345); posterior margin of 
acetabulum to posterior end of body, 0.268 (0.240-0.310); esophagus, length 
0098 (0.088-0.109). Further measurements of 20 other metacercariae killed 
and stained in Schneider’s acid carmine and mounted in glycerine under a 
coverglass are: Ovary, 0.017 (0.015-0.021) x 0.014 (0.011-0.018); anterior 
testis, 0.017 (0.015-0.021) x 0.012 (0.010-0.014); posterior testis, 0.021 
(0.016-0027) x 0.012 (0.010-0.014); posterior margin of acetabulum to 
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ovary, 0.030 (0.024-0.042); posterior margin of acetabulum to anterior testis, 
0.048 (0.031-0.068) ; posterior margin of acetabulum to posterior testis, 0.075 
(0.053-0.097) . 

Suckers: The oral sucker and acetatu!um are similar to those in Cercaria 
micromyae and the other rhopalocercariae (fig. 40). 


Sensory papillae: The character of the sensory papillae is similar to those 
in the other rhopalocercariae. The number and distribution of papillae on 
the oral sucker (fig. 2), and on the margins and dorsal and ventral body sur- 
faces anterior to the acetabulum resemble those of C. micromyae (fig. 42). 

The number and distribution of the 17 papillae on the acetabulum is 
almost similar to that in C. micromyae, except that in C. filicauda three papil- 
lae, instead of two, occur at the posterior margin of the acetabulum (fig. 41). 
Very infrequently two extra papillae appear on this margin where usually only 
three are found. In C. pyriformis only two papillae occur on the posterior 
margin of the acetabulum, while in both C. catatonki and C. honeyi one is 
found. 

On the dorsal surface posterior to the acetabulum, nine papillae are found 
in one row of four and one of five, respectively (fig. 42); C. micromyae and 
C. honeyi possess seven or eight; C. catatonki and C. pyriformis have five. 

On the ventral surface posterior to the acetabulum C. filicauda possesses 
from 8 to 10 papillae, average 9 (fig. 42), whereas C. micromyae, C. honeyi, 
and C. pyriformis have 11 to 15, average 13, and C. catatonki has 9 to 14, 
average 12 or 13. 

Eleven pairs of lateral papillae occur posterior to the actabulum with the 
greatest frequency, unlike C. micromyae which has nine pairs (fig. 42). 
Occasionally, 10 or 12 on each side may occur or some combination from 10 
to 12. C. catatonki also has 11 pairs of lateral papillae posterior to the ace- 
tabulum. 


Penetration glands: These glands are similar to those in the other rhopal- 
ocercariae. The metacercaria of C. filicauda has 10 pairs of penetration 
glands (fig. 40), instead of only eight, as in C. micromyae, C. catatonki, and 
C. honeyi. It may be presumed, from studies on these three cercariae and on 
C. pyriformis, that cercariae in the daughter sporocysts of C. filicauda have 11 
pairs of glands, and that one pair is used by them in migrating from the clam. 


Digestive, nervous, reproductive, and excretory systems: These systems 
are similar to those in C. micromyae and the other rhopalocercariae (fig. 40). 
The total number of flame cells in the excretory system of C. filicauda could 
not be determined. 


Cystogenous glands: These glands are lacking in the metacercaria, the 
contents having been extruded by the cercaria during the process of encyst- 
ment within its own inflated tail. However, they were observed in cercariae 
which had fallen free from their tails before being withdrawn into the tail 
chamber. Such worms still possess their cystogenous glands but never become 


46 (2) 


Or testis, 
is, 0.075 


Cercaria 


to those 
illae on 
ody sur- 
42). 
alum is 
papil- 
ig. 41): 
ly only 
osterior 
one is 


found 
ae and 
ive. 

)Ssesses 
honeyi, 
to 14, 


ith the 

42). 
om 10 
le ace- 


hopal- 
ration 
1, and 
nd on 
ve 11 
clam. 


stems 


icyst- 
ariae 
tail 


come 


1951 FisciiTHAL: RHOPALOCERCARIAE IN THE GORGODERINAE 413 


excysted. The glands are similar to those described from the other rhopalo- 
cercatine (fig. 6). 


Key To DescrisepD SPECIES OF RHOPALOCERCARIAE 


Transformed cercarial tail with a long po:terior filament C. filicauda 
. Transformed tail pear-shaped ..............- pyriformis 


3. European species; in transformed tail cellular contents elongate, loosely bound by 

basement membrane, and pushed to one side by cercarial chamber ............C. duplicata 
American species; in transformed tail cellular contents rounded up into a compact ball 
of cells tightly bound by basement membrane, and located at its posterior end 


4. Two sensory papillae on posterior margin of acetabulum ..............-....-.. w.-.-.C. micromyae 
One sensory papilla on posterior margin of acetabulum ...............--...-.2.0--s0ce-eeeseeeeeeeee 5 

5. Sensory papillae on dorsal surface posterior to acetabulum 5 in number ........ C. catatonki 
Sensory papillae on dorsal surface posterior to acetabulum 7-8 in number ........C. honey 


MorPHOLOGICAL COMPARISONS OF RHOPALOCERCARIAE 
WITH GORGODERINAE 


The rhopalocercariae, as members of the Gorgoderinae, need to be com- 
pared with others of this same subfamily in order to ascertain relationships 
as well as differences from each other. 

Until now, Cercaria duplicata von Baer, 1827, and the species mentioned, 
but not described, by Leidy (1858) were the only rhopalocercariae ever to 
have been reported. These two species and the five species described in this 
paper all develop in clams of the family Unionidae. With two exceptions, 
all other larval Gorgoderinae have a macrocercous type of cercaria developing 
in the so-called “finger-nail” clams of the family Sphaeriidae. The first excep- 
tion, the stumpy-tailed microcercous cercaria of Phyllodistomum folium, 
described by Sinitzin (1901), develops in clams of the family Dreissenidae. 
The other exception, the mactocercous Cercaria mitocerca, described by Miller 
(1935, 1936), develops in Actinonaias carinata, also a member of the family 
Unionidae. As will be pointed out below by morphological comparisons, and 
later in the discussion of the evolution of the cercarial tail in the Gorgoderinae, 
C. mitocerca is definitely a transition form between the macrocercariae and the 
thopalocercariae. In its body features C. mitocerca very closely resembles 
the rhopalocercariae, while its tail has definite features of the macrocercariae. 

According to Thiele (1934) the three families of clams mentioned above 
are classified as follows: 


Class Bivalvia {PELEcyPopa } 
Order EULAMELLIBRANCHIATA 
Suborder SCHIZODONTA 
Stirps (Superfamily ) Unionacea [Narapes } 
Family UNIONIDAE 


HETERODONTA 


Suborder 
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Stirps (Superfamily ) SPHAERICEA 
Family SPHAERIIDAE 

Stirps (Superfamily ) DREISSENACEA 
Family DrEISSENIDAE 


In a personal communication (1950) Dr. Harold A. Rehder, Curator, 
Division of Mollusks, U. S. National Museum, states “(1) In general, these 
three families represents absolutely independent developments and/or invasions 
into freshwater from separate biologic stocks. (2) The Sphaeriids and Dreis- 
senids are a little closer to each other than either is to the Unionids.” 


Stylet: No stylet is present in the five new species of rhopalocercariae. 
The lack of a stylet was noted by von Baer (1827), and other workers, in 
their descirptions of Cercaria duplicata. Sinitzin (1901) also noted its 
absence in C. Phyllodistomum folium. Miller (1935) described C. mitocerca, 
placing it “with the gorgoderine cercariae although it differs from all known 
forms in that it has no stylet.” All other gorgoderid cercariae have stylets. 
It is shown, therefore, that closely related species may differ with respect to 
the presence of a stylet. The relationship between the presence or absence of 
a stylet and the second intermediate host for encystment in the Gorgoderinae 
is discussed later in this paper. 


Sensory papillae: Sensory papillae occur on the suckers, surfaces, and 
margins of the body of all species of gorgoderid cercariae. The presence of a 
refractile body in the sensory papillae of the five rhopalocercariae is not new 
for this group. A spherical, strongly refractile particle was noted by Reuss 
(1903) in the lateral papillae of C. duplicata, who held these papillae to be 
tactile organs. Vickers (1940) noted similar structures in the macrocercous 
C. macrocerca. 


The presence of six radially arranged papillae on the acetabulum is not 
restricted to the rhopalocercariae. However, the additional acetabular papillae 
described herein have not been reported for other species. Six radially 
arranged, double or dumbbell-shaped papillae were described by Krull (1935) 
in C. Gorgodera amplicava, by Steelman (1938) in C. raiacauda, and (1939) 
in C. coelocerca, by Goodchild (19392) in C. donecerca, and (1939b) in C. 
Phyllodistomum solidum (= C. conica), and by Baker (1943) in C. steel- 


mant. 


Penetration glands: The penetration glands, or stylet glands as they are 
often called in stylet cercariae, of all gorgoderid cercariae are somewhat simi- 
lar. Goodchild (1943) offered the generalization that non-stylet gorgoderid 
cercariae lack penetration glands. His statement is incorrect inasmuch as C. 
Phyllodistomum folium as noted by Sinitzin (1905), and C. mitocerca by 
Miller (1936) possess penetration glands. In addition the studies herein 
reported on the rhopalocercariae indicate the presence of definite, functional 
penetration glands. As has been noted, one pair of these glands is utilized by 
the cercariae in emerging from their clam hosts. Whether the remaining 
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glands are used subsequent to emergence cannot be ascertained until life cycle 
studies are completed and their fate traced. The use of a single pair of pene- 
tration glands by the cercaria in migrating from its molluscan host to th: 
outside has been reported in Schistosomatoidea by Price (1931) for Schisto- 
somatium douthitti (Schistosomatidae), and by Wall (1941a) for Spirorchis 
elephantis and (1941b) for S. parvus (Spirorchiidae). 


Digestive system: All gorgoderids have a similar digestive system. A 
pharynx is erroneously figured in C. duplicata by Pagenstecher (1857) and 
Wagener (1857). 


Nervous system: The studies on the nervous system of Gorgoderinae 
cercariae have been almost wholly negligible. Most authors observed and 
figured a bilobed ganglionic brain connected by a broad commissure passing 
dorsal to the esophagus, but they did not make any mention of it in their 
texts. Vickers (1940), for C. macrocerca, gives the only worthwhile account 
of the nervous system in a member of the subfamily. He found four main 
nerve tracts arising from each ganglionic mass; three of these are similar to 
those described for the rhopalocercariae, while the fourth, which was never 
observed in the latter, arises from the antero-mesial margin and passes directly 
forward vanishing into the posterior end of the oral sucker. 


Reproductive system: The reproductive system in rhopalocercariae is 
already well differentiated into all its component parts, although still small 
and quite immature. This was also noted for C. duplicata by Reuss (1903), 
for C. Gorgodera cygnoides, C. G. pagenstecheri, C. G. varvoviensis, C. Gor- 
goderina vitelliloba, and C. Phyllodistomum folium by Sinitzin (1905), for C. 
mitocerca by Miller (1935, 1936), and for C. macrocerca by Vickers (1940). 
A mass of cells immediately anterior and posterior to the acetabulum, con- 
nected to one another by a strand of cells passing dorsal to the latter, com- 
poses the reproductive system of C. Gorgodera amplicava as noted by Krull 
(1935), of C. raiacauda by Steelman (1938), of C. coelocerca by Steelman 
(1939), of C. Gorgoderina attenuata by Rankin (1939), of C. donecerca by 
Goodchild (1939a), of C. Phyllodistomum solidum by Goodchild (1939b), 
and of C. steelmani by Baker (1943). Much variation in the extent of 
development of the reproductive system seems to be prevalent in the Gor- 
goderinae. 

No cirrus sac occurs in the rhopalocercariae nor in other members of the 
family Gorgoderidae; however, Reuss (1903) erroneously stated that a portion 
of the reproductive fundament anterior to the acetabulum will become a cirrus 
sac in C. duplicata. 


Excretory system: A lack of uniformity exists in the published descrip- 
tions of the excretory systems in members of the same genus, and even the 
same species. Also complicating the picture is the occurrence of a definite 
transition form regarding the bifurcation of the primary collecting tubules. 


The extension of the primary tubules anterior to the acetabulum and their 
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reflexion posteriorly prior to their division into secondary tubules is charac- 
teristic for the rhopalocercariae as well as for the majority of other cercariae 
and adults of the Gorgoderinae whose excretory systems are kno-vn at least in 
part. This has been shown by Sturges (1897) in Phyllodistomum patellare; 
Reuss (1903) in Cercaria duplicata; Krull (1935) in Gorgodera amplicava; 
Miller (1935, 1936) in Cercaria sphaerocerca; Steen (1938) in Phyllodisto. 
mum undulans and P. brevicecum; Wu (1938) in Phyllodistomum lesteri; 
Steelman (1939) in Cercaria coelocerca; Goodchild (1939a) in Cercaria 
donecerca and (1939b) in C. Phyllodistomum solidum; Vickers (1940) in 
Cercaria macrocerca (presumably this is C. Gorgoderina vitelliloba described 
by Sinitzin in 1905); Byrd, Venard and Reiber (1940) in Catoptroides lacus- 
tri; and Fischthal (1942) in Phyvllodistomum semotili, P. notropidus, and P. 
nocomis. 

Some cercariae and adults in the subfamily have the primary tutules 
dividing below the sides of the acetabulum. This has been found by Olsen 
(1937) in Gorgoderina tanneri; by Rankin (1939) in Gorgoderina attenuata; 
by Crawford (1939, 1940) in the cercaria of Phyllodistomum americanum 
(not mentioned in his reports; demonstrations of his cercaria were observed 
in both 1939 and 1940 at the annual meetings of the American Society of 
Parasitologists); and by Byrd, Venard and Reiber (1940) in Phyllodistomum 
lohrenzi. 

The transition form regarding the bifurcation of the primary tubules ex'sts 


in Cercaria mitocerca as shown by Miller (1935, 1936). The tubules bifur- 
cate at the level of the middle of the acetabulum in this species. 


A most confusing picture is presented in descriptions of the excretory 
systems of Cercaria Gorgodera pagenstecheri and C. Gorgoderina vitelliloba. 
Both these cercatiae are figured by Sinitzin (1905) as having tubules which 
pass anterior to the acetabulum before bifurcating, while Wesenberg-Lund 
(1934) showed them dividing at the sides of the acezabulum shortly after 
they leave the bladder. Further, Walker (1937) noted for adult Gorgoderina 
vitelliloba that the primary tubules bifurcated posterior to the acetabulum at 
the level of the anterior testis. As already mentioned, Vickers (1940) in C. 
Gorgoderina vitelliloba (= C. macrocerca) showed the primary tubules bifur- 
cating anterior to the acetabulum. 

Byrd, Venard and Reiber (1940) noted the two main types of bifurcation 
of the primary collecting tubules in the adults of four genera; Gorgodera 
amplicava and Catoptroides lacustri had the bifurcation anterior to the acetab- 
ulum; Gorgoderina tanneri and Phyllodistomum lohrenzi had the bifurcation 
posterior to the acetabulum. On the basis of their findings these authors 
created a Gorgodera-Catoptroides group, and a Phyllodistomum-Gorgoderina 
group, believing that each group needed to be placed in separate subfamilies. 
If these groupings are acceptable, it would seem that the group to which a 
gorgoderid cercaria belongs can be determined from the position of its primary 
tubules, since, as stated by Hussey (1941), the excretory system of a cercaria 
“is carried over with no fundamental change into the adult of the egg-laying 
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generation.” On the basis of these groupings, the rhopaloce:cariae herein 


reported fall into the Gorgodera-Catoptroides group. 


As described for several of the rhopalocercariae, each accessory tubule 
gives rise to four capillaries, each ending in a flame cell. Three of the capil- 
laries of each group of four arise from the termination point of the accessory 
tubule, and the fourth arises a short distance before that point. Thz- total 
number of flame cells in Cercaria micromyae is 64. Exactly similar groupings 
of capillary tubules and a similar number of flame cells occur in the adult 
stage of Gorgoderina tanneri as shown by Olsen (1937), and in the adult 
stages of Gorgodera amplicava, Catoptroides lacustri, and Phyllodistomum 
lohrenzi as worked out by Byrd, Venard and Reiber (1940). Goodchild 
(19392) in Cercaria donecerca also showed the capillaries in groups of four, 
all, however, coming from the termination point of the accessory tubule. He 
found a total of 32 flame cells. Steelman (1938) found 50 flame cells in 
Cercaria raiacauda, and (1939) 32 in C. coelocerca. Vickers (1940) found 
36 flame cells in C. macrocerca. He stated that the main anterior and pos- 
terior iateral canals each arise from a group of three flame cells, the ant rior 
“being joined by the ducts of three more flame cells” and the posterior by 
the ducts “from nine more flame cells which do not appear to be arranged in 
definite groups.” In Cercaria steelmani, Baker (1943) showed 42 flame cells. 


Cystogenous glands: The rhopalocercariae dissected from daughter sporo- 
cysts had definite large, circular, mononucleate cystogenous glands surround- 
ing the excretory bladder on all sides, each gland cell connecting to it through 
a minute duct. Goodchild (1943) stated that non-stylet gorgoderid cercatiae 
“lack definitely organized cystogenous gland cells around the excretory 
bladder.” This generalization is incorrect inasmuch as definite cystogenous 
glands are certainly present in the rhopalocercariae of this report. Sinitzin 
(1905) in C. Phyllodistomum folium and Miller (1936) in C. mitocerca 
showed definitely organized glands, although in the latter species they were 
inadequately described. Miller stated that “a mass of large spherical bodies 
fills the major part of the body posterior to the acetabulum, and when the 
body is well extented they seem to occupy a definite position and to resemble 
glands. They are circular but are not symmetrically arranged, as has been 
noted in other species.” The glands in C. mitocerca closely resemble those of 
the rhopalocercariae, and probably are filled with a hyaline fluid. No mention 
of any cystogenous glands in C. duplicata was made by Reuss (1903); how- 
ever, they were probably overlooked by him. The majority of gorgoderid 
cercariae possess granular cystogenous glands lying on both sides of the excre- 
tory bladder, the long axes of the glands being perpendicular to the long axis 
of the body. C. Gorgoderina attenuata described by Rankin (1939), and C. 
steelmani by Baker (1943) serve as good examples of this type of cystogenous 
gland. Sinitzin (1907) believed the cells with granular content surrounding 
the excretory bladder in C. Gorgodera cygnoides were entrusted with a double 
function, namely, that of excretory cells, and of glandular cystogenous ele- 
ments. Vickers (1940) stated, “it may be that che cells (lining the bladder) 


418 THE AMERICAN MipLanp NATURALIST 46 (2) 


are actually cystogenous,” however, “. . . it seems most probable that these 
cells have an excretory function and that the granules consist of excreted 
material.” Vickers described as probably true cystogenous glands a group of 
about a dozen large cells lying antero-lateral to the penetration glands. His 
basis for calling them cystogenous glands was that, unlike the penetration 
glands, these cells were stained by the counterstain only. It is my opinion 
that this difference in staining does not necessarily preclude the probability 
that the cells described by Vickers as cystogenous glands may not be addi- 
tional penetration glands, for it has been noted in C. Sp:rorchis parvus 
(Spirorchiidae) by Wall (1941b), and in C. Leucochloridiomorpha constan- 
tiae (Brachylaemidae) by Allison (1943), that some of the penetration glands 
were eosinophilic, others basophilic. In C. Gorgoderina vitelliloba the pene- 
tration glands were mistaken for cystogenous glan?s by Wesexberg-Lund 
(1934). The latter failed, in C. Gorgoderina vitelliloba and C. Gorgodera 
pagenstecheri, to recognize as true cystogenous glands the cells with granular 
content lining the outside of the excretory bladder. 


Tail: Wagener (1857), Reuss (1903), and Wunder (1924) described 
essentially the same structure of the tail for the rhopalocercous Cercaria dupli- 
cata as is found in the species described in this report. C. Phyllodistomum 
folium was described by Sinitzin (1901, 1905) as a stumpy-tailed microcer- 
cous cercaria, the tail being an aggregation of vesicular cells. All other known 
cercariae of the Gorgoderinae are classified as macrocercous because of the 
presence of a large tail. “This tail varies both in shape and structure. 


In C. donecerca (Goodchild, 1939a), C. Gorgodera amplicava (Krull, 
1935), and C. Gorgoderina attenuata (Rankin, 1939), the tail consists of an 
anterior transparent chamber of cuticula enclosing the cercarial body and a 
posterior elongated, nearly structureless portion approximately the same width 
as the chamber. The tail of C. donecerca is motile but non-natatory, while in 
the other two it is non-motile. In C. Gorgodera amplicava the tail is sticky, 
being “easily tangled up in debris or in any organic material which the snail 
may eat.” This adhesive quality is also characteristic for the tail filament of 
thopalocercous Cercaria filicauda. 


In Cercaria Gorgodera varsoviensis, C. G. cygnoides, C. G. pagenstecheri, 
C. Gorgoderina vitelliloba (Sinitzin, 1905, C. sphaerocerca (Miller, 1936), 
C. coelocerca (Steelman, 1939), and C. Phyllodistomum solidum (Good- 
child, 1939b), the tail is divided into three well-defined regions; 1) a proxi- 
mal chamber of cuticula; 2) a middle portion which is enlarged, somewhat 
elongate, subcylindrical, containing numerous loosely packed cells; and 3) a 
distal portion which is elongate, slender, posteriorly tapered, also containing 
some cellular elements. Muscle fibers are present in the tails of these species, 
resulting, to some extent, in a motile but non-natatory tail. The extreme tip 
of the tail of C. coelocerca is sticky, often attaching “to debris, bettom of con- 
tainer, or to tip of tail of another cercaria.” 
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In Cercaria raiacauda (Steelman, 1938), and C. steelmani (Baker, 1943), 
the tail is subdivided into a discoidal proximal portion into which the cercarial 
hody is completely retracted, and a slender distal region. The proximal 
portion comprises a median region and a pair of lateral wings. The chamber 
occupies about two-thirds of the median region, while the remainder of the 
tail is filled with parenchyma. The tail of these two species are natatory. 
The withdrawal of the cercarial body into a chamber within the proximal 
portion of the tail suggests a possible relationship between these cercariae and 
the rhopalocercatiae. 


In Cercaria mitocerca (Miller, 1936) the non-motile macrocercous tail is 
divided into an anterior cercarial chamber, a middle swollen and inflated 
portion, and a narrow, hollow-cored, greatly elongated distal portion, being 
almost thread-like in its appearance. There are scattered nuclei throughout 
the entire tail. The distal thread-like tail portion resembles the narrow tail 
filament occurring in Cercaria filicauda. 


Daughter sporocyst: Those species of gorgoderid cercariae which develop 
in clams of the family Sphaeriidae have their daughter sporocysts occurring 
in the gills of their hosts. They are all stylet-bearing macrocercariae, namely, 
C. Gorgodera varsoviensis, C. G. pagenstecheri, C. G. cygno'des, C. Gorgo 
derina vitelliloba (Sinitzin, 1905), C. Gorgodera amplicava (Krull, 1935), 
C. sphaerocerca (Miller, 1936), C. raiacauda (Steelman, 1938), C. Gorgoder- 
ina attenuata (Rankin, 1939), C. coelocerca (Steelman, 1939), C. donecerca 
(1939a) and C. Phyllodistomum solidum (Goodchild, 1939b), and C. steel- 
mani (Baker, 1943). The single species of non-stylet microcercaria, C. Phyl- 
lodistomum folium (Sinitzin, 1901), has its daughter sporocysts in the gills 
of a clam in the family Driessenidae. The remaining species have their 
daugther sporocysts occurring in the visceral mass of clams in the family 
Unionidae. These include the non-stylet macrocercaria, C. mitocerca (Miller, 
1936), and all the rhopalocercariae, namely, C. duplicata (Reuss, 1903) and 
the five new species described in this report. 


Although no tubercles occur on the daughter sporocysts of the rhopalo- 
cercariae, Sinitzin (1901, 1905) described those of Phyllodistomum folium 
as being covered with irregularly distributed tubercles of different sizes. The 
extreme opacity of the sporocyst in species related to the rhopalocercariae 
herein described was noted in C. duplicata by Reuss( 1902, 1903) and Wun- 
der (1924), and in P. folium by Sinitzin (1901, 1905). 


A subterminal birth pore occurs on the attenuated, pointed end of daugh- 
ter sporocysts in the rhopalocercariae of this report. A birth pore was noted 
in some of the daughter sporocysts of Gorgodera amplicava by Krull (1935), 
in all of the sporocysts of Cercaria raiacauda by Steelman (1938), in Gorgo- 
derina attenuata by Rankin (1939), and in Cercaria Phyllodistomum solidum 
by Goodchild (1939b, 1943). Baker (1943) described a terminal birth pore 
for Cercaria steelmani and stated that cercariae were observed emerging 


through the pore rear-end first. A birth pore was not observed in the sporccyst 
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of Cercaria duplicata by Reuss (1902, 1903) who stated that the cercaria 
emerges from the pointed end through a rupture of the wall which closes after 
emergence of the cercaria. No birth pore was found in the sporocyst of 
Cercaria macrocerca by Vickers (1940). 

Approximately eight developing embryos of all sizes occurred in the daugh- 
ter sporocysts of Cercaria micromyae, six in C. catatonki, and five in C. pyri- 
formis. Two, three, and rarely as many as six cercariae were found in the 
sporocyst of Cercaria duplicata by Dujardin (1845), while Reuss (1902, 1903) 
obtained an average of three nearly mature cercariae and four embrycs at 
different stages of development. In a single sporocyst of Gorgodera ampli- 
cava, Krull (1935) found as many as 16 fully grown cercariae. As many as 
10 cercariae were noted by Rankin (1939) in one sporocyst of Gorgoderina 
attent:ata, but the usualy number is only four to six. 


The great thickness of the sporocyst wall as herein noted was also described 
in C. duplicata by Reuss (1902, 1903), in Phyllodistomum folium by Siaitzin 
(1905), in Gorgodera amplicava by Krull (1935), and in Gorgoderina atten- 
uata by Rankin (1939). The presence of many opaque granules in the sporo- 
cyst wall was also noted in Phyllodistomum solidum by Goodchild (1943). 
Fat croplets were found by me in the sporocyst wall of the rhopalocercariae. 
Several layers of cells filled with fat droplets were found by Sinitzin (1901, 
1905) to compose the sporocyst wall of Phyllodistomum folium. In this 
instance, the fat droplets caused the sporocyst to float in water when the latter, 
containing cercariae which always encyst within the bo:y cavity of the sporo- 
cyst, were freed from the clam tissue. Such sporocysts appeared as attractive 
floating bits of bait for the fishes serving as the final host. He cozsidered 
that the fat droplets probably had a nutritive function prior to the emergence 
of the sporocyst from the clam. Clear, vesicular fat droplets were also 
described in the sporocyst wall of Phyllodistomum solidum by Goodchild 
(1943). 

A single wice layer of large cel!s of irregular form and varying in size fills 
the space between the cuticula and inner membrane in daughter sporocysts 
of the rhopalocercariae. The spotocyst wall of Cercaria sphaerocerca was 
described by Miller (1936) as “composed of unusually large cells.” A single 
layer of large cells which are “cubical, with vacuolated cytoplasm and with 
round nuclei in which the nucleolus is small” was noted by Vickers (1940) 
in Cercaria macrocerca. 

As related above for the rhopalocercariae, two types of nuclei occur in the 
sporocyst wall. One type is large, with few chromatin particles on the nuclear 
membrane, and possessing a prominent nucleolus usually eccentrically located 
on the membrane. Only some of these nuclei possessed a cytoplasmic enve- 
lope. Similar nuclei, both and without cytoplasmic envelopes, were o' served 
in Cercaria duplicata by Reuss (1903), occurring with greater frequency neat 
the limiting membrane. Large cells scattered along the periphery of the sporo- 
cyst wall were observed by Rankin (1939) in Gorgoderina attenuata. “Defi- 
nite cells of two main types” were described by Goodchild (1943) in the 


46 (2 
(4) 1951 FISCHTHAL: RHOPALOCERCARIAE IN THE GORGODERINAE 421 


ra sporocyst wall of Phyllodistomum solidum, the most numerous of these appear- 
orocyst of ing to be comparable in its cell and nucleus diameters with those described 
in this report as being composed of large nuclei surrounded by a relatively 
the daugh. small amount of cytoplasm; from two to six larger cells with conspicuous 
a C. pe granular cytoplasm comprise the second type of cell occurring in the sporo- 
ak se cyst wall. The second type of cell was not found in the sporocyst wall of the 
02, 1903) thopalocercariae. 
mbrycs at The second type of nucleus in the rhopalocercariae is smaller, with more 
era ampli- numerous chromatin particles more evenly scattered through the nuclear sap, 
} Many as and with a less prominent nucleolus. Smaller nuclei massed together in the 
rr goderina sporocyst wall of Cercaria duplicata were noted by Reuss (1903). These he 
considered to be male sex cells which he believed had no connection with the 
es development of the germ cells; he assumed that they represented the !ast and 
» Salad only remains of the gonads. According to Reuss, the cells occurring in the 
ine aia sporocyst wall are true parthenogenetically developed eggs. Moreover, he 
he sporo- stated (1903) that embryo formation is generally restricted, after the first 
(1943). embryo is developed, to a germ layer formed at the blunt end of the sporo- 
sania: cyst. The sequence of changes described as taking place in the cerm cells by 
n (1901, Reuss were not observed in the rhopalocercariae of the present report. Rankin 
a (1939) thought the cells in the sporocyst wall of Gorgoderina attenuate ‘may 
he thn, represent germ cells, as nowhere else were germinal elements encountered. 
ae “we TRANSFORMATION OF CERCARIAL TAIL IN RHOPALOCERCARIAE 
sidered When mature, the rhopalocercariae emerge from the daughter sporocysts 
nergence through the subterminal birth pore, but their path of migration through the 
ere also host’s tissue to the mantle cavity was not traced. However, immediately upon 
s0dchild reaching the water of the mantle cavity profound changes cf the tail occur. 
Water is rapidly inbibed through the cuticula which starts to expan! and sep- 
size fills arate from the basement membrane of the cells of the tail, expandi-g more 
orocysts rapidly in the anterior half than posteriorly. The circular cuticula folds at 
nn ete the anterior eighth of the tail expand anteriorly and outwardly pushing for- 
\ single ward over the cercarial body for a short distance. The oblique folds, at the 
id -with region of the constriction between the two parts of the tail, and the long'tudi- 
(1940) nal folds also expand. Encroachment of the cuticula of the tail over ihe 
cercarial body is accompanied by an anterior invagination brought about by 
" the separation of the basement membrane from the cuticula, and by the short- 
ane wi ening and massing of the inner cell layer surrounded by the basement mem- 


ail brane. This invagination of the antericr part of the tail forms a canal into 
which the cercaria is already slightly drawn. The cercaria itself is now exceed- 


enve- . . . . . . 

seal ingly active, probing in all directions with the anterior portion of its body. 
> mee When the cuticula reaches the posterior edge of the acetabulum, the ce-carial 
sporo- body becomes narrowed and elongated to its greatest extent. Then, the body, 


“Def starting at the posterior end, becins to contract along its entire lencth until 
all of it is drawn through the narrow canal. The cercaria is now surrounded 


y the fully invaginated cuticula. The cells of the tail have rounded into a 
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smal] compact mass tightly bound by the basement membrane. This cell mass 
lies at the posterior end of the tai! and is attached to the cuticula only by its 
posterior end. The cercarial body rounds up as it contracts throughout its 
length and pushes the invaginated cuticula outward forming an inner, round 
chamber, derived from the portion which bore the circular cuticular folds. 
When entirely within the chamber, the cercaria pulls loose from the tail to 
which until now it had been attached, leaving a single definitive excretory pore 
at the posterior tip of the body. The narrow canal through which the body 
was drawn becomes greatly constricted and usually closes, cutting off the cer- 
catia from the outside. All the changes described above occur within the 
mantle cavity of the clam. Later, the cercariae are carried by the currents of 
water to the outside through the excurrent siphon. 


Occasionally, worms are found free from their transformed tails. Some- 
times, when the cuticula of the cercarial tail begins to expand and the body 
to be drawn into the chamber, the connection between body and tail breaks, 
causing the body to fall free. These worms still possess their cystogenous 
glands but never become encysted. However, the tails belonging to these 
worms become fully transformed and expanded, and such tails containing no 
metacercariae can be found in the dish among normal individuals. The expan- 
sion of the cuticula and the formation of an enveloping tail is, thezefore, inde- 
pendent of the presence of the cercaria. This process has been observed on 
numerous occasions when cercariae were accidentally separated from their tails 
in dissecting them from the daughter sporocysts. 


The tail does not become transformed in cercariae kept in physiological 
salt solution. However, when this solution is progressively diluted, the cutic- 
ula expands first slowly and then more rapidly as the quantity of water is 
increased 


The essential sters in the formation of a tail chamber for the re*ention of 
the body of the rhopalocercaria, C. duplicata, was described by Reuss (1902, 
1903), and again more thoroughly by Wunder (1924). Reuss (1903) main- 
tained that the cercarial body becomes enclosed in a chamber by the forward 
expansion of the tail cuticula to surround the cercaria. Wurder (1924) dis- 
agreed with this view, stating that an invagination of the cuticula, starting 
next to the point of attachment of the body and tail, pulled the cercarial 
body into the chamber. From the evidence presented above fer the new 
species of rhopalocercariae it would appear that neither Reuss, nor Wunder 
were entirely correct in their assertions, but that the process of enclosing the 
cercarial body inside its tail combines both processes, namely, the simultane- 
ous occurrence of the forward expansion and an invagination of the tail cutic- 
ula. The macrocercariae of the Gorgodera and Gorgoderina also become 
enclosed in their tails, however, unlike the rhopalocercariae, only a small 
anterior portion of the tail forms the chamber. According to Sewell (1922) 
the portion of the tail enclosing the cercarial body in the Gorgodera group 
eccupies not more than cne-sixth, commonly not more than one-tenth, of the 
total length of the tail; in the Gorgoderina group it occupies about one-third. 
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Experimental evidence for such a classification is lacking. The manner in 
which the macrocercariae become enclosed in the anterior part of their tails is 
similar to that occurring in the thopalocercariae. Filippi (1854) and Wagen- 
er (1857) stated that the chamber in C. macrocerca is formed by an invagi- 
nation, while Thiry (1859) called it a surrounding process. Wunder (1924), 
also working with C. macrocerca and additionally with C. Gorgodera pagen- 
stecheri, stated that the formation of the chamber is a combination of the 
surrounding process and an invagination. 


ENCYSTMENT OF RHOPALOCERCARIAE 


Within five minutes after the cercariae have emerged from the clam, they 
begin to encyst inside the chamber formed from their tail. At first, the 
cystogenous fluid, issuing from the excretory pore at the posterior tip of the 
body and shaped by the movement of the body within the round cercarial 
chamber, is loosely packed around the cercaria, and the cyst, at this stage of 
its formation, is very weak since the worm can be easily freed from it. The 
cyst wall now has a thickness of approximately 0.019 mm. Metacercariae not 
more than thirty minutes old are already surrounded by a completely formed, 
compact, hyaline cyst, measuring approximately 0.010 mm. at the thickest 
point. At this time, the wall of the chamber of the tail and the cyst are in 
contact and both are capable of great stretching as the worm moves. The 
cyst wall, when much stretched, has a thickness no greater than 0.0017 mm. 
The cyst and chamber are closely applied to metacercariae one to two hours 
old. Both cyst and chamber are irregular in outline, their shapes being deter- 
mined by the position of the metacercaria lying within. The worm is usually 
doubled on itself, its anterior and posterior ends overlapping. The ends of 
the body actively probe from side to side against the cyst, the anterior end 
being the more active. Only one end elongates at any one time, the other 
end usually remaining contracted. The same end may elongate one or more 
times before the other one does. 


In metacercariae approximately 30 hours old the outline of the tail cham- 
ber is regular, nearly spherical, more rigid than earlier, and often somewhat 
removed from the cyst and contained worm. At this time, the cyst, measuring 
0.009 mm. thick, is also more rigid than in younger metacercariae, but it still 
possesses much of its original elasticity. Both the chamber and cyst are high- 
ly transparent. In several instances its wall was observed to be stretched to 
a thickness of 0.005 mm. The metacercaria is more compactly doubled on 
itself and the two ends are more overlapped; however, the worm is not very 
active. The anterior end, although less active than in younger metacercaria, 
continues to be more active than the posterior end. The anterior end elon- 
gates more slowly and not as far as previously because of the decrease in 
elasticity of the cyst and chamber of the tail. The posterior end occasionally 
probes from side to side. 


After the cercaria has become encysted, the metacercaria may become freed 
by its movements against the cyst, causing latter to stretch and finally to 
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rupture. Such metacercariae, lying free in the dish, can be distinguished from 
those which never have encysted by the absence of cystogenous glands. 
Excystment is abnormal, and is brought about by the movements of the meta- 
cercaria. Excystment may occur within one to six days, after which the tail 
and cyst usually disintegrate Lecause of bacterial action, and the worm dies. 


Sinitzin (1907), for Cercaria Gorgodera cygnoides, and Goodchild (1943), 
for C. Phyliodistomum solidum, described the encystment process in the sec- 
ond intermediate host, an aquatic insect, indicating that in these cases the 
cystogenous material from the granular cystogenous glands lining the excre- 
tory bladder issued forth from the latter in cyst formation. 


DEVELOPMENT OF ExcRETORY SYSTEM IN RHOPALOCERCARIAE 


The excretory system in the rhopalocercariae is formed in all its parts, 
flame cells, capillaries, tubules, and tladder, during the development of the 
cercaria. The embryology cf this system was first studied in Cercaria micro- 
myae, and the observations verified in both C. catatonki and C. honeyi. The 
earliest stage observed contains a pair of flame cells and primary tubules open- 
ing to the outside at the posterior margin of the elliptically shaped embryo 
(fig. 43). Soon, the growth of the tail from the tissue between the excretory 
pores shifts the relative position of the pores and bends the lower portion of 
the primary tubules so that now they open more laterally. The upper portion 
of the primary tubules turn laterad almost at a right angle. The flame cells, 
lying dorso-lateral to the prominent, somewhat elevated acetabulum, have 
increased to two pairs, one on each of the short anteriorly and posteriorly 
directed secondary tubules. The oral sucker is faintly visible. 


Later, the tail becomes distinctly marked off from the body (fig. 44). A 
very indistinct solid mass of cells, prcbably mesodermal in origin, lies between 
the primary tubules just posterior to the acetabulum. From this fundament 
is derived the epithelial wall of the bladder. The lower portion of the primary 
tubules bend more sharply, curving inward near the mesodermal cell mass, 
and discharge at the junction of body and tail. The upper portion of the 
primary tubules have grown anteriorly and turned directly posteriad so there 
may now ke distinguished an ascending and a descending limb of each primary 
tubule with the loop at the middle of the acetabulum. The anterior and pos- 
terior secondary tubules, arising at the level of the posterior margin of the 
acetabulum, have become elongated. Three pairs of flame cells are visible, 
two anteriorly, one posteriorly. The mesodermal cell mass is still indistinct. 
With the further growth of the tail and of the posterior portion of the body, 
the mesodermal mass comes to lie farther from the acetabulum. Because of 
the small size of the flame cells and the opacity of the body, it was impossible 
to determine the further development of the flame cell arrangement. In later 


stages only the development of the primary tubules and the bladder will be 
followed. 


The tail becomes rounded, stumpy, and well set off from the body (fig. 
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45). The mesodermal cell mass is small, but slightly more distinct than 
earlier. The lower portion of the primary tubules bend more sharply, open 
laterally in the groove between body and tail, and lie against the mesodermal 
mass, curving somewhat to fit the contour of this mass. The ascending and 
descending portions of the primary tubules have elongated anteriorly, the loop 
now lying anterior to the acetabulum. The junction of the secondary tubules 
with the primary vessels now lies slightly farther from the acetabulum where 
it remains throughout the rest of development to the mature cercaria. Later, 
the lower portion of the primary tubules have curved farther mesiad and have 
begun to penetrate the still somewhat indistinct mesodermal cell mass. 


The hind part of the body continues to elongate and with this elongation 
the lower portion of the primary tubules and the mesodermal cell mass keep 
pace. The primary tubules retain their original diameter, but the mesodermal 
mass elongates and becomes narrower, and during this process the cells come 
to surround the tubules. Shortly thereafter, the elongated lower portion of 
the primary tubules come to lie close to one another within the now very dis- 
tinct mesodermal cell mass which is outlined by a limiting membrane (fig. 
46). Posterior to the mesodermal mass the tubules bend sharply outward to 
their pores at the junction cf the body and tail. Soon, the primary tubules 
within the mesodermal mass make contact, leaving a perforated septum 
between them. Fusion of the primary tubules now proceeds anteriorly and 
posteriorly from this point, and soon is complete throughout the bladder 
region. Portions, however, of the septum are occasinally visible for a short 
time (fig. 47). 

The mesodermal cells of the developing bladder wall are still irregularly 
arranged around the fused tubules. Also, the upper portion of the primary 
tubules have elongated so that the loop between the ascending and descending 
limbs is at the level of the intestinal bifurcation. The fused tubules commence 
to elongate posteriorly toward the end of the body, forcing the unfused ter- 
minal portions of the primary tubules to lie perpendicular to the long axis of 
the bladder between the body and tail, forming a small chamber (fig. 48). 
The original pores of the two primary tubules continue to serve as excretory 
pores, lying at the lateral margins in the groove between body and tail. In 
the meantime, the bladder, posterior to the ends of the intestinal crura, has 
become dilated; the rest of the long bladder remains narrow. By this time, 
the mesodermal cells have arranged themselves in a single layer around the 
fused tubules. The bladder wall now is composed of a single layer of small 
cells with prominent nuclei. When the cercaria is very nearly mature these 
cells are thin and smaller than in the earlier stages of development and now 
constitute a thin cellular membrane. 

The fusion of the primary tubules within a cell mass to form a thick-walled 
excretory bladder was described for Cercaria macrocerca by Vickers (1940). 
His description differs from that of the above species in that, unlike the rho- 
palocercariae which has two excretory pores, a single pore is formed after the 
fusion of the tubules. Neither Vickers in C. macrocerca, nor the author in 
thopalocercariae found = caudal excretory tube as described by Thiry (1859) 
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for C. macrocerca, and by Wesenberg-Lund (1934) for C. Gorgodera pagen- 
stecheri and C. Gorgoderina vitelliloba. From the method of development of 
the excretory system it appears impossible for a caudal tube to be present. 
According to Vickers (1940), Thiry and Wesenberg-Lund had mistaken for 
a caudal tube “a chain of small elongated cells with oval nuclei” which ran 
down the center and to the extreme tip of the tail. 


The fundamental plan for the development of the excretory bladder 
described above is probably common to all stylet cercariae and their more 
immediate non-stylet derivatives. Evidence for this has already been furnished 
from a study of the non-stylet cotylocercous cercaria of Plagioporus sinitsini 
and four other species of stylet cotylocercous cercariae (Allocreadiidae) by 
Dobrovolny (1939a), from the details furnished for the stylet macrocercaria, 
C. macrocerca (Gorgoderidae) by Vickers (1940), and from the stylet cer- 
cariae studied by Hussey (1941) representing the families Troglotrematidae, 
Allocreadiidae and Macroderoididae. 


The presence of an anterior loop in the primary tubules and the manner 
of its development in the rhopalocercariae is strikingly similar to that occurring 
in the amphistome and echinostome cercariae worked out by Hussey (1941). 


CERCARIAL STYLET AND SECOND INTERMEDIATE Host IN GORGODERINAE 


The cercarial stylet is an adaptive larval organ whose presence or absence 
is closely related to the activities of the larvae which bring them into a para- 
sitic relationship with the next host. This is clearly demonstrated in the 
Gorgoderinae, where typically a second intermediate host is required for 
encystment in stylet-bearing cercariae, while none is required in the non-stylet 
forms. 

Sinitzin (1905) showed that C. Gorgodera pagenstecheri, C. G. cygnoides, 
C. G. varsoviensis, and C. Gorgoderina vitelliloba, all stylet-bearing forms 
when ingested by odonatan naiads and teetle larvae, used their stylet to 
penetrate the hosts’ tissues for encystment as metacercariae. Similarly, Lutz 
(1926) reported from South America that macrocercous gorgoderid cercariae 
when eaten by odonatan larvae, penetrated the esophagus wall, with the aid 
of its stylet, in order to encyst. Krull (1935), for C. Gorgodera amplicava, 
found that cercariae, when passively ingested with focd by snails, use their 
stylets to penetrate the host’s tissues where they encyst as metacercariae. In 
the same paper, Krull reported having observed frog bladder fluke cercariae, 
similar to those described by Sinitzin (1905), encysted both naturally and 
experimentally in nymphs and imagos of damsel flies. Although Krull did not 
mention a stylet in this form, it undoubtedly must have one since he men- 
tioned its similarity to Sinitzin’s cercariae. Rankin (1939), for C. Gorgode- 
rina attenuata, noted that although the cercariae were passively ingested with 
the food by snails and tadpoles, they actively penetrated the host’s intestinal 
wall with the aid of their stylets, and encysted in the body cavity. For 
C. Phyllodistomum solidum, Goodchild (1939b, 1943) reported that these 
stylet cercariae, when ingested by odonatan nymphs, penetrated the host’s 
tissues for encystment as metacercariae. Similarly, Crawford (1939, 1940) 
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found that cercariae of Phyllodistomum americanum, when eaten by damsel 
fly naiads, caddice fly larvae, and diving beetles, became encysted in th- 
esophagus wall. Although the presence of a stylet was not mentioned for 
this form, one was noted by me at demonstrations of this cercaria by Dr. 
Crawford at the annual meetings of the American Society of Parasitologists in 


both 1939 and 1940. 


In the non-stylet Gorgoderinae cercariae encystment does not occur within 
a second intermediate host, with one possible exception. This exception, the 
non-stylet Cercaria mitocerca of Miller (1936), apparently does not encyst 
within its macrocercous tail, but retains its cystogenous glands for possible 
future use. Whether a second intermediate host is required for encystment 
has not been demonstrated. 


Sinitzin (1901) noted the absence of a stylet in the microcercaria of 
Phyllodistomum folium; the latter has no free-living period nor is it required 
to penetrate a second intermediate host, for it encysts and becomes a meta- 
cercaria within the sporocyst in which it has developed. The sporocysts then 
emerge from the clam and are eaten by the definitive host, a fish. Reuss 
(1903) showed that the non-stylet rhopalocercous Cercaria duplicata became 
a metacercaria by encysting within its transformed tail after eme-gence from 
the clam host into the surrounding water. In the five new species of rhopalocer- 
cariae described in the present report, it has been noted that all become 
metacercariae after encysting within their own transformed tails, the process of 
encystment occurring within five minutes after leaving the clam host. 


It has been shown in the above discussion of the Gorgoderinae that closely 
related species may differ with respect to the presence of a stylet, and that 
when present it is closely related to the activities of the cercariae in bringing 
them into a parasitic relationship with their metacercarial host. This fact has 
also been demonstrated in another group of trematodes by Dobrovolny 
(1939a) who described several species of cotylocercous cercariae within the 
genus Plagioporus (Allocreadiidae), of which all but one possess a stylet. 
This exception, the cercaria of Plagioporus sinitsini, encysts and becomes a 
metacercaria within the sporocyst; the latter, upon leaving the snail, is eaten 
by its definitive host, a fish. The other cotylocercariae must penet-ate into 
a second interm mediate host before encysting. Further, Dobrovolny (1939b), 
working with still another cotylocercous cercaria showed that the stylet- bearing 
C. Plagioporus lepomis penetrated and encysted in amphipods. The steps in 
the life cycle of Plagioporus sinitsini are exactly similar to those observed by 
Sinitzin (1901) for the non-stylet Cercaria Phyllodistomum folium. 


EvoLUTION OF CERCARIAE IN GORGODERINAE 


Before considering the evolution of cercariae in the subfamily Gorgoderi- 
nae, it might be well to introduce briefly some basic information regarding 
the origin and relationship of their clam hosts. As previously mentioned in 
this report, the cercariae deve!op in clams of three families, namely, Unioni- 
dae, Sphaeriidae, and Dreissenidze, all belonging to the order Eulamelli- 
branchiata. However, the Unionidae belong in the suborder Schizodonta, 
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while the otiet two families belong in the suborder Heterodonta. Further, 
the Sphaeriidae are in the superfamily Sphaericea, while the Dreissenidae are 
iin the superfamily Dreissenacea. It is evident, therefore, that the sphaeriids 
and dreissenids are a little closer to each other than either is to the unionids. 

Regarding the origin of these three families of clams, Dr. Harold A. 
Rehder, Curator, Division of Mollusks, U. S. National Museum, in a per- 
sonal communication (1950), states “the family Sphaeriidae goes back to 
the Cretaceous period, while the family Dreissenidae is first found in the 
Tertiary. The Unionidae is, of course, much older, going back to the Tri- 
assic, and possibly beyond that, although the question of the ancestry of these 
freshwater mussels is still a disputed one. Some workers claim that the 
Unionidae go back to the Devonian.” 


From the foregoing data it may be assumed that cercariae in the Gorgo- 
derinae first occurred in the Unionidae, later in the Sphaeriidae, and finally 
in the Dreissenidae. Further, it is probable that cercariae from sphaeriid and 
dreissenid hosts are more closely related to each other than either is to 
cercariae from the unionids. It is with these assumptions, based primarily on 
the origin and relationship of the clam hosts, that the main branches of the 
phylogenetic tree, for cercariae of the subfamily Gorgoderinae, have been dis- 
tributed as shown in fig. 49. Additional evidence will be presented in support 
of the phylogeny illustrated. 


It is necessary to begin the evolution of these cercariae with an unknown 
common ancestor. Presumably, this unknown ancestor later gave rise to a 
macrocercous cercaria, probably with a stylet. Beyond this point, a divergence 
eccurred in the line of evolution, probably taking place sometime after the 
origin of the clam family Sphaeriidae. This divergence led through many 
evolutionary changes, to the present day macrocercous Cercaria mitocerca 
of Miller (1936) and the rhopalocercariae on one hand, and the present day 
macrocercariae and microcercous Cercaria Phyllodistomum folium of Sinitzin 
(1901) on the other. Following the origin of the clam family Dreissenidae 
that branch of the divergence mentioned above, which gave rise to the present 
day macrocercariae and microcercaria, split into what have become the 
microcercaria infecting the Dreissenidae, and the macrocercariae infecting the 
Sphaeriidae. 

A comparison of certain features of the microcercaria, macrocercariae and 
thopalocercariae is necessary to establish phylogenetic relationships. The 
microcercaria of Phyllodistomum folium may be characterized as follows: 
1) its host is a dreissenid clam; 2) the daughter sporocysts are found in the 
gills of the clam; 3) a stylet is absent; 4) the reproductive system is differen- 
tiated into all its component parts characteristic of the Gorgoderidae in ar- 
rangement; 5) the tail is inactive; and 6) encystment occurs within the 
daughter sporocysts. 
~~ The macrocercariae, with, the exception of Cercaria mitocerca, may be 
characterized as follows: 1) their hosts are sphaeriid clams; 2) the daughter 
sporocysts occur in the gills of the clams; 3) stylets are present; 4) the 
reproductive system is differentiated into all its component parts in a few 
species and these are characteristic of the family Gorgoderidae; it is undiffer- 
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entiated in the majority; 5) the tail is inactive in a few species, but is active 
in the majority; 6) they possess granular cystogenous glands lying perpen- 
dicular to the excretory bladder; and 7) where known, encystment occurs 
within second intermediate hosts. The macrocercous C. mitocerca is charac- 
terized as follows: 1) its host is a unionid clam; 2) the daughter sporocysts 
are found in the visceral mass of the clam; 3) a stylet is absent; 4) the 
reproductive system is differentiated into all its component parts character- 
istic of the Gorgoderidae in arrangement; 5) the tail is inactive; 6) it pos- 
sesses circular cystogerious glands, probably filled with a hyaline fluid, which 
surrounds the excretory bladder on all sides; and 7) it does not encyst within 
its own tail; it probably requires a second intermediate host. 

Finally, the rhopalocercariae may be characterized as follows: 1) their 
hosts are unionid clams; 2) the daughter sporocysts occur in the visceral 
masses of the clams; 3) stylets are absent; 4) their reproductive systems are 
differentiated into all their component parts characteristic of the Gorgoderi- 
dae in arrangement; 5) their tails are inactive; 6) they possess circular cysto- 
genous glands filled with a hyaline fluid, which surround the excretory blad- 
der on all sides; and 7) encystment occurs within their own tails. 

Since C. Phyllodistomum folium has a degenerate, stumpy tail, it is not 
possible to use this structure for comparison with the other types of cercarial 
tail in the Gorgoderinae. Therefore, it is necessary to consider other charac- 
teristics for establishing its relationship to the remainder of the cercariae. From 
the above listings of groups characteristics, it is seen that several features of 
the microcercaria are common to the rhopalocercariae, namely, the absence 
of the stylet, the complete differentiation of all parts of the reproductive 
system, the presence of an inactive tail, and the lack of necessity for a second 
intermediate host for encystment. However, some of the macrocercariae also 
have their reproductive systems differentiated into all their component parts, 
as well as having inactive tails. 

In spite of the resemblaices to the rhopalocercariae, it seems to me there 
are two more stable, and, therefore, more basic factors which show that the 
microcercaria is, indeed, closely related to the macrocercariae. One factor is 
that both cercarial types develop in more closely related families of clams 
than either host family is to the family harboring the rhopalocercariae. The 
other factor is that only in these two groups are the daughter sporocysts lo- 
cated in the gills. In cercariae such factors as the presence or absence of a 
stylet, the detree of gonadal differentiation, the activity of the tail, and the 
presence or absence of a second intermediate host for encystment, are seconda- 
tily acquired larval adaptations to modifications in the life cycles of closely 
related species. 

Concerning the evolution cf the macrocercariae, the oxly apparent 
characteristic which can be considered is the shape and structure of the tail. 
Evolution of the tail has proceeded toward a reduction in the amount of tail, 
and toward the locating of the cercarial chamber within the midd!e swollen 
and inflated portion of the tail instead of in the tail anterior to this region. In 
Cercaria Gorgoderina attenuata of Rankin (1939) and C. Gorgodera ampli- 
cava of Krull (1935), probably the most primitive of the macrocercariae, the 
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entire length of the tail posterior to the anterior chamber is of the same 
width as the latter. A bit higher in the evolutionary scale is Cercaria donecerca 
of Goodchild (19392) which has the portion of the tail adiacent to the 
anterior chamber of the same width as the latter, whereas the remainder 
gradually tapers posteriorly to a blunt point. 


A more advanced condition is found in two groups of macrocercariae. 
The reproductive system is differentiated into all its component parts in one 
group, namely, Cercaria Gorgodera varsoviensis, C. G. cygnoides, C. G. pa- 
genstecheri, and C. Gorgoderina vitelliloba, described by Sinitzin (1905); 
this system is not thus differentiated in the other group, namely C. sphaerocer- 
ca of Miller (1936), C. coelocerca of Steelman (1939), and C. Phyllodisto- 
mum solidum of Goodchild (1939b). In all these species the chamber is 
located anterior to a middle subcylindrical region; the distal po:tion of the tail 
is slender and tapered posteriorly. The middle portion of the tail remains 
approximately the same width as the chamber, but the distal part has became 
more slender and sharply demarcated from the remainder of the tail. 


Finally, in the macrocercous Cercaria raiacauda of Steelman (1938) and 
C. steelmani of Baker (1943), although the tail is subdivided into a discoidal 
proximal portion and a slender distal region as in the group immediately 
above, the cercarial body is completely retracted into a chamber contained in 
the median region of the proximal division and not anterior to this region. 


The line of evolution of the rhopalocercariae from the unknown common 
cercarial ancestor of the Gorgoderinae is first visible in the macrocercous 
Cercaria mitocerca of Miller (1936). Although it is a macrocercous form 
with a tail of three divisions (anterior chamber, midd!e swollen and inflated 
portion, posterior thread-like and elongate portion), its other features are 
wholly that of the rhopalocercariae. Of primary importance is the fact that 
both develop in daughter sporocysts located in the visceral masses of the 
Unionidae; secondarily, both lack stylets, have similar circular cystogenous 
glands surrounding the excretory bladder on all sides, and have their repro- 
ductive systems differentiated into all their component parts. 


The rhopalocercous Cercaria filicauda descrited in this report is higher 
up in the phylogenetic series. Its tail is divided into two portions, an anterior 
enlarged chamber and a posterior, elongate, thread-like filament. This filament 
is very similar to that of C. mitocerca, while the chamber has the typical 
form of the rhopalocercariae. It is conceivable that the common ancestor of 
C. mitocerca and C. filicauda may have evolved into the latter type by the 
complete retraction of the anterior cercarial chamber into the middle swollen 
and inflated portion characteristic of C. mitocerca. Something of this sort 
has occurred in the evolution of the macrocercariae, namely, in Cercaria 
raiacauda and in C. steelmani. 


With the complete loss of the filament in the C. filicauda type, the 
other rhopalocercariae have evolved. This final group includes Cercaria du- 
plicata of Reuss (1903), and C. micromyae, C. catatonki, C. honeyi, and 
C. pyriformis described in this report. 
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SUMMARY 


1. Five new species of rhopalocercariae in the trematode subfamily Gor- 
goderinae (family Gorgoderidae) have been described from freshwater clams 
in Michigan and New York. 

2. Cercaria micromyae n. sp. was found emerging from 22 percent of 
Micromya iris, and 3.6 percent of Alasmidonta marginata from the Huron 
River, Washtenaw County, Michigan. 

3. Carcaria catatonki n. sp. occurred in 9.8 percent of Strophitus undu- 
latus quadriplicatus from Catatonk Creek, Tioga County, New York. 

4. Cercaria honeyi n. sp. was found in 6.3 percent of Anodontoides 
ferussacianus and 2.4 percent of Alusmidonta calceolus from Honey Creek, 
Washtenaw County, Michigan. 

5. Cercaria pyriformis n. sp. emerged from 0.9 percent of Micromya iris 
from the Huron River, Washtenaw County, Michigan. 

6. Cercaria filicauda n. sp. occurred in 0.4 percent of Elliptio dilatatus 
from the Huron River, Washtenaw County, Michigan. 


7. All species develop in simple, egg-shaped daughter sporocysts lying in 
the visceral masses of thzir clam hosts. 


8. Cercatiae within the daughter sporocysts possess club-shaped tails, 
each with a much-plaited cuticula on the outside and a loose layer of large 
cells lining the inside. Upon emergence into the water the latter is rapidly 
imbibed by the cuticula which swells into a balloon-like structure into which 
the cercarial body is quickly retracted 


9. Transformation of the cercarial tail into the protective envelope in- 
volves an invagination of the cuticula as well as an expansion forward and an 
enveloping process, resulting in a central chamber containing the worm. The 
cells of the tail are tightly massed by the basement membrane into a ball 
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of cells lying at the posterior end below the chamber. Only Cercaria filicauda 
possesses a slender, elongate, posterior filament. 


10. Cercariae lack a stylet; have sensory papillae on the suckers, sur- 
faces, and margins of their bodies; have well-developed penetration glands; 
have definite circular cystogenous glands, filled with a hyaline fluid, surround- 
ing the excretory bladders on all sides; have their reproductive systems dif- 
ferentiated into all their component parts; and have nervous systems of three 
main pairs of nerve cords leading from the bilobed brain. 


11. Excretory systems consist of long, slender, thick-wal'ed excretory 
bladders dividing into two primary tubules which extend anteriad, loop pos- 
teriorly to the posterior margin of the acetabulum before each divides into a 
pair of secondary tubules. Bladder opens into a chamber between the body 
and tail, whence fluid escapes through two minute pores located one on each 
side in the groove between the body and tail. 

12. Each accessory tubule of the excretory system gives rise to four 
capillary tubules ending in flame cells. Three of the capillary tubules come 
from the end of the accessory tubule, while the fourth arises a short distances 
before this point. 

13. The total number of flame cells in Cercaria micromyae is 64. 


14. Encystment of cercariae occurs within the chambers of their trans- 
formed cercarial tails, resulting in the metacercarial stage. 

15 Metacercariae differ from cercariae within the daughter sporocysts 
in that the metacercariae have one less pair of penetration glands, a single 
pair being used by the cercariae in migrating from the clam host. 


16. Metacercariae differ further from cercariae within the daughter sporo- 
cysts in that they lack cystogenous glands which have been used up during 


encystment within the cercarial tails. 
17. A key to the described species of rhopalocercariae is presented. It 


includes Cercaria duplicata of Reuss (1903) and the five new species de- 
scribed in this report. 

18. Morphological comparisons of the rhopalocercariae with other mem- 
bers of the Gorgoderinae, namely, the macrocercariae and the microcercaria, 
are made. 


19. Development of the excretory. system of the rhopalocercariae follows 
the general course common to stylet cercariae and their immediate non-stylet 
derivatives. It arises as two separate longitudinal tubules which become 
branched. The thick-walled bladder is formed by the bending inward acd 
fusing of the two tubules within a mass of cells of mesodermal origin which 
appears early in development. 


20. The relation of the cercarial stylet to the need for a second inter- 
mediate host in the Gorgoderinae is considered. Those forms with a stylet 
encyst within a second host, while those without one, with the single possible 
exception of Cercaria mitocerca of Miller (1936), do not. 


21. A phylogenetic tree representing the evolution of cercariae in the 
Gorgoderinae is presented, along with evidence to support the phylogeny 
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illustrated. It appears probable that the related rhopalocercariae, macrocerca- 
riae and microcercaria arise from a common unknown ancestor. A diver- 
gence led to the present day rhopalocercariae on one hand, and another 
group on the other. A further divergence occurred in the latter group, result- 
ing in the present day microcercaria C. Phyllodistomum folium of Sinitzin 
(1901), and the large group of macrocercariae. The latter’s evolution 
showed a continued reduction in the amount of tail and the complete retrac- 
tion of the cercarial body into a chamber iocated within the middle swollen 


and inflated portion of the tail. 
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488. 
um duplica- Prate I 


The value of the scale is 0.05 mm. Figs. 1 and 5 were drawn with the aid of a micro- 

* projector; figs. 7-10 with the aid of a camera lucida; figs. 2, 3, 4, and 6 are free hand. 

Figs. 1-10.—1. Cercaria micromyae dissected from the daughter sporocyst, ventral view, 

showing the digestive, nervous and reproductive systems, and the plaited cuticula of the 


370. tail. 2. Distribution of sensory papillae on the oral suckers of the five new species of 
te von Di: thopalocercariae. 3. Distribution of sensory papillae on the acetaby lum of Cercar.a micro- 

myae and C. pyriformis. 4. Ventral view of the distribution of sensory papillae on the 
nd frogs in margins and surfaces of the bodies of Cercariae micromyae and C. honey; the solid-line 
ussian.) papillae are ventral, the broken-line ones dorsal. 5. Cercaria micromyae dissected from the 


daughter sporocyst, dorsal view, showing the penetration glands, the excretory system, the 
cystogenous glands, and the cells of the tail. 6. A cystogenous gland cell of the five new 
species of rhopalocercariae, connecting to the excretory bladder through a minute duct. 7. 
The transformed cercarial tail of Cercaria micromyae after emergence from Micromya iris, 
showing the completely retracted and encysted metacercaria; cells of cercarial tail in a com- 
pact mass at posterior end. 8. Lateral view of the transformed tail of Cercaria micromyae 
rgoderidae) from Micromya iris, showing the position of chamber and cyst wall. 9. The transformed 
tail of Cercaria micromyae after emergence from Alasmidonta marginata. 10. Lateral view 
of the transformed tail of Cercaria micromyae from Alasmidonta marginata. 


l. Exper. et 


Midl. Nat. 


agation and 


Prare IL 


All figures are photomicrographs. The scale shown for fig. 11 also applies to figs. 12, 
and 14-18, and has a value of 0.02 mm. The value of the scale for fig. 13 is 0.1 mm. 

Figs. 11-18.—11. Cross section of a mature cercarial tail within the daughter sporocyst 
of Cercaria micromyae, showing the large cells within the basement membrane, and the 
. 779-1022. thick, much-plaited cuticula. 12. Longitudinal section of an immature cercarial tail within 
the daughter sporocyst of Cercaria micromyae. 13. Daughter sporocysts of Cercaria micro- 
myae in the visceral mass of Micromya iris. 14. Embryo developing in the inner limiting 


ol. Bull. 1: 


tschr. Wis membrane of the daughter sporocyst of Cercaria micromyae. 15. Section through the wall 
of the daughter sporocyst of Cercaria micromyae showing the large cells filled with opaq:e 
m corneum. granules. 16. Section through the wall of the daughter sporocyst of Cercaria micromyae 
showing the large nucleus with its eccentric nucleolus. 17. Section throzgh the wall of the 
—e daughter sporocyst of Cercaria micromyae showing the smaller nuclei massed in a denser 


region of protoplasm. 18. Young daughter sporocyst of Cercaria micromyae in the visceral 
mass of Micromya wis. 
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Pirate III 

All figures are photomicrographs. The scale shown for fig. 19 also applies to fig. 20; 
that shown for fig. 21 to figs. 22 and 23. Both scales have a value of 0.02 mm. 

Figs. 19-23.—19. Section through the posterior portion of a developing cercaria within 
the daughter sporocyst of Cercaria catatonki showing the circular cystogenous gland cells 
with Aattened nuclei; also shown is a cross section of a mature cercarial tail. 20. Embryo 
developing in the inner limiting membrane of the daughter sporocys: of Cercaria catatonki; 
also shown is a cross section of a mature cercarial tail. 21. Section through the wall of 
the daughter sporocyst of Cercaria catatonki showing the large cells. 22. Section through 
the wall of the daughter sporocyst of Cercaria catatonki showing the large nucleus with an 
eccentric nucleolus. 23. Section through the wall of the daughter sporocyst of Cercaria cata- 
tonki showing the smaller nuclei massed together. 


IV 

The value of the scale is 0.05 mm. Figs. 24, 27-29 were drawn with the aid of a 
microprojector; figs. 30-33 with the aid of a camera lucida; figs. 25 and 26 are free hand. 

Figs. 24-33.—24. Cercaria catatonki dissected from the daughter sporocyst, ventral 
view. 25. Distribution of sensory papillae on the acetabulum of Cercaria cztatonki and C. 
honeyi. 26. Ventral view of the distribution of sensory papillae on the margins and sur- 
faces of Cercania catatonki; the solid-line papillae are ventral, the troken-l ne ones dorsal. 
27. The transformed cercarial tail of Cercaria catatonki, showing the completely retracted 
and encysted metacercaria; cells of cercarial tail in a compact mass at posterior end. 28. 
Lateral view of the transformed tail of Cercaria catatonki, showing the position of chamber 
and cyst wall. 29. Cercaria honeyi dissected from the daughter sporocyst, ventral view. 
30. The transformed cercarial tail of Cercaria honeyi from Anodontoides ferussacianus, 
showing the completely retracted and encysted metacercaria; cells of cercarial tail in a 
compact mass at posterior end. 31. Lateral view of the transformed tail of Cercaria honeyi 
from Anodontoides ferussacianus, showing the position of chamber and cyst wal!. 32. The 
transformed tail of Cercaria honeyi from Alasmidonta calceolus. 33. Lateral view of trans- 
formed tail of Cercaria honeyi from Alasmidonza calceolus. 

PLaTE V 

The value of the scale is 0.05 mm. Figs. 34 and 40 were drawn with the aid of a 
microprojector; figs. 36-39 with the aid of a camera lucida; figs. 35, 41, and 42 are free 
hand. 

Figs. 34-42.—34. Cercaria pyriformis dissected from the daughter sporocyst, ven‘ral 
view. 35. Ventral view of the distribution of sensory papillae on the margins and surfaces 
of Cercaria pyriformis; the solid-line papillae are ventral, the broken-line ones do:sal. 36. 
The transformed cercarial tail of Cercaria pyriformis, showing the completely retracted and 
encysted metacercaria; cells of cercarial tail in a compact mass at posterior end. 37. Lateral 
view of the transformed tail of Cercaria pyriformis, showing the position of chamber and 
cyst wall. 38. The transformed cercarial tail of Cercaria filicauda, showing the completely 
retracted and encysted metacercaria; cells of cercarial tail in a compact mass at posterior 
end; a slender, elongate filament trails from the posterior end. 39. Lateral view of the 
transformed tail of Cercaria filicauda, showing the position of chamber and cyst wall. 40. 
The metacercaria of Cercaria filicauda, ventral view. 41. Distribution of sensory papillae 
on the acetabulum of the metacercaria of Cercaria filicauda. 42. Ventral view of the dis- 
tribution of sensory papillae on the margins and surfaces of the metacercaria of Cercaria 
filicauda; the solid-line papillae are ventral, the broken-line ones dorsal. 


Pirate VI 
All figures were drawn free hand. 


Figs. 43-48.—Stages in the development of the excretory system in cercarial embryos 
dissected from the daughter sporocysts of Cercaria micromyae, C. catatonki, and C. honeyi. 


Piate VII 


Fig. 49.—Eveluticen of cercariae in subfamily Gorgoderinae. 
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RHOPALOCERCARIAE 


Cc. pyriformis 


Cc. honeyi 
Cc. catatonki 


Cc. micromyae 
duplicate 


Cc. filicauda 


MACROCERCARIA 


Cc. mitocerca 


Prate VII 


MICROCERCARIA 


Cc. Phyllodistomum folium 
MACROCERCARIAE 


Cc. raiacauda 


Cc. steelmani 
C. Gorgodera varsoviensis 


CC. Gorgodera cygnoides 


Gorgodera pagenstecheri 
Gorgoderina vitelliloba 


sphaerocerca 


coelocerca 
Phyllodistomm solidum 


C. donecerca 


<. Gorgodera amplicava 
Cc. Gorgoderina attenuata 


Unknown Common Ancestor 
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The Cestoda of Anseriformes of the 
North Central States* 


Everett L. Schiller 
U.S. Public Health Service, Box 960, Anchorage, Alaska 


Helminths of ducks have been studied by workers throughout the wor!d and 
the published works are widely scattered in the parasitological literature. For 
the most part, these studies have been limited to the examination and observa- 
tion of relatively few host species, by each of several workers, over a lon 
period of time. Nevertheless, compilations of such records have revealed a 
surprisingly extensive fauna parasitic in anseriform birds. 


The present study was undertaken to learn the identity of the cestodes and 
the incidence of their occurrence in anseriform birds of the North Central 
States region as represented by collections from the states of Wisconsin, Michi- 
gan and Ohio. A total of 184 birds (103 males and 81 females) including 12 
genera and 18 species were examined. Of the total, 117 were positive and 67 
were negative. It was not uncommon to find well over a thousand cestodes 
in a given host. The greatest number found in a single host was 1,680. 

Little is known concerning the effect of heavy helminthic infections upon 
the well-being of the anseriform host. Observation seems to indicate that ces- 
tode parasitism in wild ducks usually reaches a balance whereby the host- 
parasite relationships are maintaired without serious consequences to the hos:. 
In most instances, however, such observations were based on small series of 
cither nearly mature or of adult birds. Unfortunately, information is lacking 
concerning the duck population as a whole, or the effect of helminthic infections 
upon young birds on the nesting ground. In addition, potential pathogenicity 
may be a prevalent factor of considerable importance, especially if associated 
with population fluctuations. Further studies of this nature at the breeding 
and nesting grounds are prerequisite to a better understanding of the role of 
parasites in young bird mortality. 

Commonly, as many as six different species of cestodes of the same genus 
were found to occur simultaneously in a given host individual. In view of the 
great number of Hymenolepis species parasitic in anseriform birds, it is under- 
standable that extreme care is recessary in handling, preservation, and prepara- 
tion of the specimens for taxonomic study. Field collections and autopsies 
often necessitate the removal of worms from the host under adverse condition; 
relative to adequate equipment and time. 

Frequently, in this type of study, all the cestodes from each host are placed 


together in a vial containing a preservative to await detailed study in the labora- 


* Supported in part by the Research Committee of the Graduate School, University 
of Wisconsin, Madison, from funds supplied by the Wisconsin Alumni Research Foun- 
dation. 
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tory. In the majority of cases where members of the genus Hymenolepis are 
concerned, the scolices become easily separated from the strobila even under 
the most careful treatment. This results in a specimen bottle which contains 
strobilae of possibly three or more species and as many separate scolices. The 
problem arises in an attempt to associate each sco!ex with its proper cha‘n of 
segments. The number, position, shape and size of rostellar hooks together 
with another consistent character in the proglottid are the essential criteria in 
speciation of members of the genus Hymenolepis (Baer, personal communica- 
tion). Where association of scolex aid strobila are impossible, the specimens 
are of no value and the effort in collection has been lost. However, in consid- 
eration of availability of hosts, the best advantage must be taken cf an oppor- 
tunity to obtain specimens even though many of the parasites must be dis- 
carded for the reason described above. 


MATERIALS AND METHODS 


The cestode specimens from birds taken in Ohio and Michigan were pro- 
vided from the collection of Dr. Rovert Rausch, of the U. S. Public Health 
Service, Anchorage, Alaska. The writer wishes to express his appreciation for 
the opportunity to include these records which provide wider representation of 
the areas studied than otherwise would have been possible. 

Anseriform hosts from the Wisconsin localities were for the most part 
collected by the writer. In some instances, these birds were shot and autopsied 
in the field. In others, the viscera from bagged birds were obtaine1 by permis- 
sion of hunters at conservation checking stations on public hunting grounds 
during the first part of the open season. Relative data were recorded, the intes- 
tine was tied at each end and the contents preserved by hypodermic injection 
of alcohol-formalin-ascetic acid (AFA) solution. 

Due to the difficulties encountered with regard to separated scclices and 
also the problems presented by extreme contraction of cestodes fixed by the 
injection of the intestine with preservative, it was necessary to attempt to sup- 
plement and confirm identifications with further material. Through the kind- 
ness of Mr. Cyril Kabat, Research Director of the Wisconsin Conservation 
Department, permission was granted to acquire live birds which had been 
trapped originally for the purpose of migration studies at Horicon Marsh, Wis- 
consin. Mr. Ralph C. Hopkins, Game Biologist at Horicon, and co-workers 
carrying on these trapping operations, provided selected birds, thus enabling a 
far more comprehensive and detailed study than would otherwise have been 
possible. The writer wishes to express his indebtedness and sincere appreciation 
to these people for their excellent cooperation. 

Live birds were kept in the laboratory for a short period until an opportun- 
ity was afforded for thorough processing of the parasites harbored by each host 
individual. A blood smear was taken from each bird (in con‘unction with an- 
other project involving a malaria survey) and the duck was killed and autop- 
sied immediately. The intestine was opened and the contents washed out by 
gentle agitation in a dish o ftap water. The cestodes were allowed to relax in 
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tap water, and then were fixed rapidly by flooding with hot AFA solution. 
They were routinely stained in either Semichon’s acetic carmine or in Harri- 
son’s haematoxylin and sections were stained in haematoxylin-eosin. 


TaBLe I.—Host-species examined 


SPECIES No. Hosts 


ANATINAE (Surface-feeding ducks) 
. Anas platyrhynchos (common mallard) 46 
. Anas rubripes (black duck) 
Anas acuta tzitzihoa (pintail) 
Anas carolinense (green-wing teal ) 
. Mareca americana (baldpate or widgeon) 
. Aix sponsa (wood duck) 


ANAM 


AYTHYINAE (Diving ducks) 

9. Aythya americana (red heed) = 

10. Aythya valisneria (canvas back) 
Aythya affinis (lesser scaup) .. 
12. Glaucionetta clangula americana olin l 


13. Clangula hyemalis (old squaw)) 2 
ERISMATURINAE (Ruddy and masked ducts) 
14. Oxyura jamaicensis rubida (ruddy duck) ......2.............c0-0-e0eeeeeeoe- 6 


MErGINAE (Mergansers ) 
15. Mergus serrator serrator (red breasted merganser) ..............-..-- ue - 


16. Lophodytes culculatus (hooded merganser) ...........-....-.---0--+0+-+-+- 6 
ANSERINAE (Geese) 


CyYGNINAE (Swans) 
. Cygnus columbianus (whistling swan) 


Scientific names of birds according to most recent A.O.U. check list. 


Note: 


ANAS PLATYRHYNCHOS (common mallard) 
(25 males and 21 females) 


Number Number 


collected Positive negative 


Locality 


Ohio 


4 2 2 

Z | | 

3 
Michigan 

3 l 2 


Wisconsin 


Horicon Marsh 


— 
25 6 
34 12 


lution. 


Harri- 


rs 


1st. 
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Number of birds with cestodes in ceca and intestine ................-.-..- 
Average number of worms per bird (intestine) ................-.------ 7 
Range in numbers of worms present (intestine ) 
Average number of worms per bird (ceca) -............-2+.2...-sce0eees+0-+ 
Range in numbers of worms present (ceca) 


Number of birds with cestodes in intestine only .........2........2...--+---- 15 
Average number of worms per bird .............-----..--cseccsceeeeeeeeeeeeeees 11.3 
Range in numbers of worms present ...........-.-2.----s:sss-+secseeeseeeseeees 1-35 

Number of birds with cestodes in ceca only 
Average number of worms per bird ..................----.---200000-000-ee0e=- 2.3 
Range in numbers of worms present 2D 


Record of cestodes found (4 genera; 9 species) : 


Diorchis bulbodes Hymenolepis introversa 
Fimbriaria fasciolaris Hymenolepis macrostrobilodes 
Hymenolepis echinocotyle Hymenolepis megalops 
Hymenolepis fausti Hymenolepis nyrocae 


Hymenolepis gracilis 


ANAS RUBRIPES (black duck) 
(6 males and 9 females) 


Locality Number Number Number 
collected Positive negative 
Wisconsin 
Marsh 4 14 0 
Michigan 
l l 0 


15 

Number of birds with cestodes in ceca and intestine .................--- 
Average number of worms per bird (intestine) ..................-.-.---+ 448 
Range in number of worms present (intestine) ...................- 33-1320 
Average number of worms per bird (ceca) 
Range in numbers of worms present (ceca) 


Number of birds with cestodes in intestine only —..........0..0.....2..20----- 8 
Average number of worms per bird 
Range in numbers of worms present ............. 1-274 
Number of birds with cestodes in ceca only _.......220.2..2000200000000---- 0 


Record of cestodes found (4 genera; 11 species) : 


Dirochis flavescens *Hymenolepis fausti 
*Haploparaxis japonensis *Hymenolepis gracilis 
Fimbriaria fasciolaris ** Hymenolepis hopkins 
Hymenolepis collaris Hymenolepis macrostrobilodes 
*Hymenolepis compressa Hymenolepis megalops 


*Hymenolepis coronula 


* New host record. 
** Description in press. 
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ANAS ACUTA TZITZIHOA (pintail ) 
(3 males and 3 females) 


Locality Number Number Numer 


collected positive negative 


Ohio 

Greenville 
Michigan 

Huron .... 
Wisconsin 

Horicon Marsh .... 

Puckaway Lake 


Total 


Number of birds with cestodes in ceca and intestine .......... Leseen : 
Average number of worms per bird (intestine and ceca) 
Range in numbers of worms present (intestine and ceca) .... 
Number of birds with cestodes in intestine only 
Average number of worms per bird ...................-.. 
Range in numbers of worms present 
Number of birds with cestodes in ceca only 


Record of cestodes found (3 genera; 6 species) : 


*Diorchis flavescens *Hymenolepis fausti 
Fimbriaria fasciolaris Hymenolepis megalops 
*Hymenolepis coronula Hymenolepis simplex 


Anas piscors (blue-wing teal ) 
(15 males and 8 females) 


Locality Number Number Number 


collected positive negative 


Ohio 
Greenville 

Michigan 
Saginaw 

Wisconsin 
Horicon Marsh ... 
Puckaway Lake ... .......... 


Total 


Number of birds with cestodes in ceca and intestine . 

Number of birds with cestodes in intestine only ....... a 
Average number of worms per bird .............2......---1--.020-00-0----- : 
Range in numbers of worms present . Ea 

Number of birds with cestodes in ceca only ........ 


Record of cestodes found (1 genus; 2 species) : 


Hymenolepis filumferens *Hymenolepis megalops 


* New host record. 
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0 
0 4 
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0 1 
0 4 
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6 
27.5 
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ANAS CAROLINENSE (green wing teal) 
(8 males and 6 females) 


Locality Number Number Number 
collected positive negative 


Ohio 
Greenville 


Wisconsin 
Horicon Marsh 
Puckaway Lake 


Canada 
Manitoba 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 


Average number of worms per bird 
Range in numbers of worms present 


Number of birds with cestodes in ceca only 
Record of cestodes found (2 genera; 2 species) : 


Dirochis acuminata Hymenolepis megulops 


MARECA AMERICANA (baldpate or widgeon) 
(5 males and 4 females) 


Locality Number Number Number 
collected positive _ 


Ohio 
l 
Marion 


Wisconsin 
Horicon Marsh 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 


Average number of worms per bird 
Range in numbers of worms present 


Number of birds with cestodes in ceca only 


Record of cestodes found (2 genera; 4 species) : 


*Diorchis flavescens * Hymenolepis megalops 
*Hymenolepis longivaginata Hymenolepis sp. 


* New host record. 
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SPATULA CLYPEATA (shoveler ) 
(2 males and 1 female) 


Siding Number Number Number 


collected Positive negative 


Ohio 
Marion 
Wisconsin 
Horicon Marsh 
Puckaway Lake 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 
Number of birds with cestodes in ceca only 


Record of cestodes found: 


*Diorchis microcirrosa Hymenolepis megalops 


Diploposthe laevis 


AIX SPONSA (wood duck) 


(9 males and 7 females) 


Locality Number Number Number 


collected positive negative 


Ohio 


Columbus 


Wisconsin 
Horicon Marsh 
Puckaway Lake 
Galesville 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 


Average number of worms per birds 


Range in numbers of worms present 
Number of birds with cestodes in ceca only 


Record of cestodes found (2 genera; 4 species) : 


*Diorchis bulbodes *Hymenolepis mayhewi 


* Hymenolepis anceps *Hymenolepis sp. 


* New host record. 
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AYTHYA AMERICANA (red head) 
(3 males and 2 females) 


Locality Number Number Number 


collected positive negative 


Michigan 
l 
East Lansing 

Wisconsin 


Horicon Marsh 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 
Average number of worms per bird 
Range in numbers of worms present 
Number of birds with cestodes in ceca only ................ 
Records of cestodes found (1 genus; 1 species) : 
Diploposthe laevis 


AYTHYA VALISNERIA (canvas back) 


(1 male) 


Locality Number Number Number 
collected Positive negative 


Wisconsin 


Number of birds with cestodes in ceca and intestine 

Number of birds with cestodes in intestine only 
Average number of worms per bird ................- 

Number of birds with cestodes in ceca only 

Record of cestodes found (1 genus; 1 species) : 
Diorchis longae 


AYTHA AFFINIS (lesser scaup) 


(16 males and 5 females) 


Locality Number Number Number 


collected Positive negative 


Ohio 
Buckeye Lake 
Greencamp 
Michigan 
Grosse Ile 
East Lansing 
Wisconsin 
Horicon Marsh 
Puckaway Lake 
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Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 
Average number of worms per bird 
Range in numbers of worms present 
Number of birds with cestodes in ceca only 


Record of cestodes found (4 genera; 8 species) : 

*Diorchis eccentricus *Hymenolepis jagerskioldi 
Diploposthe laevis Hymenolepis nyrocae 
Hymenolepis gracilis Hymenolepis tenerrima 

*Hymenolepis coronula Fimbriaria fasciolaris 


CLANGULA HYEMALIS (old squaw) 
(2 males) 
Locality Number Numbe: N_ mber 
collected positive 


Wisconsin 


Number of birds with cestodes in ceca and intestine 

Number of birds with cestodes in intestine only 
Average number of worms per bird ...............---.---s0-s+cseeseeeenseeeeeeee 
Range in numbers of worms present 

Number of birds with cestodes in ceca only 


Record of cestodes found (1 genus; 1 species): 
Hymenolepis paramicrosoma 


OXxyYURA JAMAICENSIS RUBIDA (ruddy duck) 
(3 males and 3 females) 


Locality Number Number Number 
collected 


Ohio 
Buckeye Lake 
Marion 
Wisconsin 


Horicon Marsh 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 
Average number of worms per bird 
Range in numbers of worins present 
Number of birds with cestodes in ceca only 


Record of cestodes found (2 genera; 2 species) : 


Diorchis eccentricus ** Hymenolepis rauschi 


* New host record. 
* Description in press. 
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MERGUS SERRATOR SERRATOR (red breasted mergan er) 


(1 male and 1 female) 
Locality Number Number Number 
collected positive 


Ohio 
Buckeye Lake 
Greenville 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 


Average number of worms per bird 
Range in numbers of worms present 


Number of birds with cestodes in ceca only 


Record of cestodes found (1 genus; | species) : 
Hymenlopeis anceps 


LopHopYTES CUCULATUS (hooded mergan-er ) 


(2 males and 4 females) 


Locality Number Number Number 


collected 


Ohio 
Marion 
Greenville 


Wisconsin 
Puckaway Lake 
loricon Marsh 


Number of birds with cestodes in ceca and intestine 
Number of birds with cestodes in intestine only 


Average number of worms per bird 
Range in numbers of worms present 


Number of birds with cestodes in ceca only 


Record of cestodes found (2 genera; 4 species) : 
*Diorchis sp. *Hymenolepis simplex 
*Hymenolepis aqueabilis *Hymenolepis querquedula 


* New host record. 
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BRANTA CANADENSIS (Canada goose) 
(3 males and 3 females) 


Locality Number Number Number 


collected positive negative 


Wisconsin 


Horicon Marsh 


Total 


Number of birds with cestodes in ceca and intestine 

Number of birds with cestodes in intestine only 
Range in numbers of worms present 

Number of birds with cestodes in ceca only 


Record of cestodes found (1 genus | species) : 


Hymenolepis megalops 


CYGNUS COLUMBIANUS (whistling swan) 


(1 male and 1 female) 


Locality Number Number Number 


collected Positive negative 


Wisconsin 


Horicon Marsh 


ceca and intestine 
Number of birds with cestodes in intestine only 
Range in numbers of worms present 
Number of birds with cestodes in ceca only 


Record of cestodes found (1 genus; 2 species) : 
*Hymenolepis lanceolata Hymenolepis sp. 


* New host record. 


List oF CESTODES OccCURRING IN ANSERIFORMES 


. Anomotaenia ciliata Fuhrmann, 1913 14. Diorchis spinata Mayhew, 1929 
. Chitonorecta agnosta Meggitt, 1927 15. Diorchis spiral's Szpotanska, 1931 


. Cittotaenia avicola Fuhrmann, 1897 ‘16. Diorchis formosensis Suigimoto, 1934 
. Cotugnia fastigata Meggitt, 1920 17. Diploposthe laevis (Bloch, 1782) 

. Diorchis anomala Schmelz, 1941 3.18. Fimbriaria fase‘olaris (Pallas, 1781) 

. Diorchis bulbodes Mayhew, 1929 19. Fimbriariella falciformis Wolfthugel, 


Diorchis excentricus Mayhew, 1925 1936 


. Diorchis flavescens (Kreft, 1871) 20. Fimbriario‘des lintoni Webster, 1943 


. Diorchis kodonodes Mayhew, 1929 21. Fimbriarioides intermedia (Fuhrmann, 
. Diorchis longae (Long and Wiggins, 1913) 
1939) 22. Haploparaxis birula von Linstow, 1905 


. Diorchis longicirrosa Meggitt, 1929 23. Haploparaxis elisae Skrjabin, 1914 


. Diorchis microc:rrosa Mayhew, 1929 24. Haploparaxis fuligulosa Solowiow, 
. Diorchis nyrocae Yamaguti, 1935 1911 
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. Haploparax's furcigera (Rudolphi, 
1819) 
. Haploparaxis murmanica Baylis, 1919 
7. Haploparaxis japonens.s Yamaguti, 
1935 
28. Haploparaxis veitchi Baylis, 1934 
. Hymenofimbria merganseri Skrjabin, 
1914 
30. Hymenolepis abortiva (von Linstow, 
1904) 
1. Hymenolepis acicula-sinuata Rosseter, 
1909 
32. Hymenolepis aequalibis (Rudolphi 
1810) 
33. Hymenolepis anatina (Krabbe, 1869) 
34. Hymenolepis anceps Linton, 1927 
35. Hymenolepis angularostris Satgimoto, 
1934 
36. Hymenolepis arcuata Kowalewski, 
1904 
. Hymenolepis biaculeata Fuhrmann, 
1909 
38. Hymenolepis bilateralis von Linstow, 
1905 
39. Hymenolepis bisaccata Fuhrmann, 
1906 
40. Hymenolepis bisacculina (Szpotanska, 
1931) 
41. Hymenolepis clausa von Linstow, 1906 
42. Hymenolepis collaris (Batsch, 1786) 
43. Hymenolepis compressa (Linton, 1892) 
44. Hymenolepis conscripta Railliet and 
Henry, 1909 
45. Hymenolepis coronula (Dujarain, 
1845) 
46. Hymenolepis creplini (Krabbe, 1869) 
47. Hymenolepis cuneata Mayhew, 1925 
48. Hymenolepis curiosa (Szpotanska, 
1931) 
. Hymenolepis cyrtoides (Mayhew, 
1925) 
- Hymenolepis dafilae Polk, 1942 
. Hymenolepis diorchis Fuhrmann, 1913 
Hymenolepis echinocotyle Fuhrmann, 
1907 
. Hymenolepis fallax (Krabbe, 1869) 
- Hymenolepis fasciculata Ransom, 1909 
- Hymenolepis fausti (Tseng Shen, 
1932) 
56. Hymenolepis filumferens Brock, 1942 
57. Hymenolepis fimula Meggitt, 1933 
58. Hymenolepis fista Meggitt, 1933 
59. Hymenolepis flagellata Fuhrmann, 
1906 
60. Hymenolepis floreata Meggitt, 1930 
61. Hymenolepis fona Meggitt, 1933 
62. Hymenolepis foveata Meggitt, 1933 
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63. Hymenolepis fructicosa Meggitt, 1927 
64. Hymenolepis fructifera Meggitt, 1927 
65. Hymenolepis giranensis Suigimoto, 
1934 
. Hymenolepis globu'osa (Szpotanska, 
1932 
. Hymenolepis gracilis (Zeder, 1803) 
. Hymenolepis groenlcndica (Krabbe, 
1869) 
. Hymenolepis hamulacanthos Linton, 
1927 
- Hymenolepis hopkinsi Schiller, 1950 
. Hymenolepis introversa (Mayhew, 
1925) 
. Hymenolepis jagerskioldi Fuhrmann, 
1913 
. Hymenolepis krabbeela (Rudolphi, 
1802) 
. Hymenolepis kowalewski Baczynska, 
1914 
. Hymenolepis lamellata Woodland, 
1930 
76. Hymenlepis lanzeo'ata (Bloch, 1782) 
77. Hymenolepis lanceolata szpotanskaica 
Hughes, 1940 
. Hymenolepis liophallos (Krabbe, 
1869) 
. Hymenolepis lintoni Lopez-Neyra, 
1932 
. Hymenolepis longicirrosa Fuhrmann, 
1906 
. Hymeno!epis longistylosa Tseng Shen, 
1932 
. Hymenolep s longivaginata Fuhrmann 
1906 
. Hymenolepis macracanthos (von Lin- 
stow, 1877) 
84. Hymenolepis macrocephala Fuhrmann, 
1913 
85. Hymenolepis macrostrobilodes (May- 
hew, 1925) 
86. Hymenolep:s mastigopracdita Polk, 
1942 
87. Hymenolepis mayhewi (Tseng Shen, 


1932) 


88. Hymenolepis.megalops (Creplin, 
1829) 

89. Hymenolepis meggitti Tseng Shen, 
1932 

90. Hymenolepis micrancristrota (Wedl, 
1855) 

91. Hymenolepis multistriata (Rudolphi. 
1810) 

92. Hymenolepis neomeggittilis (Meggitt. 
1924) 

93. Hymenolepis nitidulans (Krabbe, 
1882) 


46 (2) 
ive 
er 
re 
31 

1934 

) é 
781) 
Thugel, 
1943 
rmann, 
y, 1905 
14 
iw, 


456 


94. Hymenolep:s nyroc.ie Yamaguti, 1935 

95. Hymeno.epis octacantha (Krabte, 
1869) 

96. Hymenolepis orthacantha Fuhrmann, 
1906 

97. Hymenolepis oshimai Suigimoto, 1934 

98. Hymenolepis pachycephala (von Lin- 
stow, 1872) 

99. Hymenolepis papillata Fuhrmann, 
1906 


100. Hymenolepis paramicrosoma Gasow- 
ska, 1931 

101. Hymenolepis parviceps (von Linstow, 
1872) 

102. Hymenolepis parvisaccata Shepard, 
1943 

103. Hymenolep:s parvula Kowalewski, 
1904 

104. Hymenolepis pauciann.:lata Meggitt, 
1927 

105. Hymeno!epis pigmentata (von Lin- 
stow, 1872) 

106. Hymenolepis pingi Tseng Shen, 1932 

107. Hymenolepis pittalugai Lopez-Neyra, 
1932 

108. Hymenolepis przewalski Skrjabin, 1914 

109. Hymenolepis querquedula Fahrmann, 
1921 

110. Hymenolepis rapida Szpotanska, 1931 

111. Hymenolepis rara Skrjabin, 1914 

112. Hymenolepis rauschi Schiller, 1950 

113. Hymenolepis retracta von Linstow, 
1905 

114. Hymenolepis riggenbachi Mola, 1913 

115. Hymenolepis robertsi Baylis, 1934 

116. Hymenolepis rosseteri (Blanchard, 
1891) 

117. Hymenolepis 
1925 

118. Hymenolepis sagitta (Rosseter, 1906) 

119. Hymenolepis setigera (Froelich, 1789) 

120. Hymenolepis sibirica (von Linstow, 
1905) 

121. Hymenolepis simplex Fuhrmann, 1906 

122. Hymenolepis solowiowi Skrjabin, 1914 

123. Hymenolepis sou:hwelli Szpotanska, 
1931 


sacciperum Mayhew, 
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124. Hymenolepis stolli Brock, 1941 

125. Hymenolepis tenerrima (von Linstow, 
1882) 

126. Hymenolepis tenuiro-tris (Rudolphi, 
1819) 

127. Hymenolepis teresoides Fuhrmann, 
1906 

128. Hymenolepis terraereginae Johnston, 
1911 

129. Hymenolepis trichorhyncha Yoshida, 
1910 

130. Hymenolepis trifolium von Linstow, 
1905 

131. Hymenolepis tritesticulata Fuhrmann, 
1907 

132. Hymenolepis venusta (Rosseter, 1897) 

133. Hymenolepis villosoides Solowiow, 
1911 

134. Lateriporus biuterinus Fuhrmann, 1908 

135. Lateriporus destituata (Lonnbezg, 
1889) 

136. Lateriporus geographicus Cooper, 1921 

137. Lateriporus propeteres Fuhrmann, 1907 

138. Lateriporus teres (Krabbe, 1869) 

139. Nem.toparataenia southwelli Fuhr- 
mann, 1933 

140. Ophryocotyle sp. Lonnberg, 1890 

141. Paricterotaenia borealis (von Linstow, 
1905) 

142. Raillietina (s. lat.) anatina (Fuhr- 
mann, 1908) 

143. Raillietina (Raillietina) cyrtus 
(Skrjabin, 1914) 

144. Raillietina (Raillietina) parviuncinata 
(Meggitt and Saw, 1924) 

145. Raillietina (Railliet:na) pseudocrytus 
(sp. dub.) Meggitt, 1931 

146. Raillietina (Paron-ella) fecunda Meg- 
gitt, 1931 

147. Raillietina (Skrjabinia) m:‘crocotyle 
(Skrjabin, 1914) 

148. Schistocephalus solidus (Muller, 
1776) 

149. Tetrabothrium arcticum von Linstow, 


1901 


SUMMARY 


The identity of the cestodes and the incidence of their occurrence in anseri- 
form birds of the North Central States region as represented by collections 
from the states of Wisconsin, Michigan and Ohio have been studied. 

A total of 184 birds (103 males and 81 females) including 12 genera and 
18 speices wete examined. Of the total 184, 117 were positive for tapeworms 
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and 67 were negative. The greatest number of cestodes encountered in a single 
host was 1,680. It was not unusual to find well over a thousand tapeworms in 
a given host specimen. Commonly as many as six different species of cestode; 
of the same genus occur simultaneously in a given host. This necessitates 
extreme care in handling, preservation and preparation of specimens for critical 
taxonomic study. Emphasis, therefore, is placed upon the acquisition and utili- 
zation of only fresh material for adequate determinations. 


Observations concerning the effects of helminthic infections seem to indi- 
cate that parasitism in wild ducks usually reaches a balance whereby the host- 
parasite relationships are maintained without serious consequences to the host. 


Many of the cestodes of ducks are not limited in their occurrence to a 
given species but are found to be well established in several host species. 


The species of anseriform birds studied have been grouped according to 
their subfamily relationships and the occurrence of the cestodes in each species 
has been tabulated; the identifications of these cestodes have been reported and 
new host records have been noted. 


A list of the cestodes of Anseriformes has been presented. 
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Limnological Features of a Minnesota 
Seepage Lake* 


Frank F. Hooper 
Department of Zoology, University of Mich'gan, Ann Arbor 


In central and northwestern Minnesota, small seepage lakes constitute 
an important part of the region’s natural waters. Both drainage and seepage 
lakes frequently occur within adjacent basins which are very similar in 
geological origin, vegetation, and soils. Despite these similarities, seepage 
lakes differ markedly from drainage lakes of the area in other physical, 
chemical, and morphometric features and especially in their general level of 
biological productivity. The problem posed by the seepage Ickes of this 
region is, then, what conditions are responsible for the dissimilarity of these 
lakes and the drainage lakes? The present investigation of Demming Lake, 
a small seepage lake located near the University of Minnesota Biological 
Station at Itasca State Park, was undertaken to define quantitatively the 
general level of productivity of lakes of the seepage type in this area and 
to contribnute toward a solution of the above problem of general limnological 
interest. 


Juday, Birge, and Meloche (1935) define drainage and seepage lakes. 
These authors distinguished between lakes receiving water from the surface 
runoff of limited basins, and lakes having permanent inlets and outlets. 
The former were termed “seepage lakes” since any gains or losses to ground 
water take place by seepage, while the latter were designated “drainage 
lakes.” Among the many hundreds of Wisconsin lakes studied by Birge and 
Juday and their associates are a variety of seepage and semidrainage lakes. 
In a series of papers (Birge, Juday, and Meloche, 1935, 1938; Birge and 
Juday, 1934) they showed that northeastern Wisconsin seepage and drainage 
lakes differed widely in many important habitat characteristics. These authors 
and Pennak (1945) recognized that there were many lakes of an interme- 
diate category with temporary inlets and outlets. Pennak designated lakes 
of this type “semidrainage lakes.” He surveyed 13 Colorado lakes of the 
semidrainage type, and compared certain limnological features of these lakes 
with Wisconsin seepage lakes. Demming Lake fits best into the seepage 
category. There are no inlets except the surface runoff channels which 
carry water into the lake during heavy rains. Active outflow of water from 
the lake, other than by seepage, is possible only during years of unusually 
high water levels. 


The writer is indebted to Professor Samuel Eddy, of the University of 
Minnesota, for valuable criticism and suggestions in undertaking this study, 
* This paper represents a portion of a thesis submitted to the graduate faculty of the 
University of Minnesota in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy. 
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and for furnishing chemical data on lakes of the Itasca Park region. Appre- 
ciaticn is expressed to Dr. Lloyd Smith and the Minnesota Department of 
Conservation for furnishing materials, and to Dr. John Moyle for assistance 
in making mineral aralyses of lake waters. 


METHODS 


Most chemical analyses followed methods outlined in Standard Method; 
for the Examination of Water and Sewage, 9th edition. Oxygen determina- 


—— tions were made using the unmedified Winkler technique. Ammonia was 

oe determined by distillation and nesslerization, nitrites by the sulphanilic acid 

a method, nitrates by the phenoldisulphonic acid method, and organic nitrogen 

Whe 4 by the Kjeldahl method. Colorimetric determinaticn of soluble and organi: 

shysical, phosphorus was made using the methcd described by Taylor (1937). 

yrs Chlorides wee determined. by the Mohr method. Sulphates were deter- 
is 


mined turbidimetrically by comparing the turbidity of the unknown with 


of these standards containing known concentrations of sulphate ion after hydrochloric 
g Lake, acid and barium chloride are added to both knewn and unknown solution. 
ological Colorimetric determination of pH was made with La Motte color standards. 
ely the Temperatures were measured with a Taylor maximum-minimum thermometer 
3 and which was carefully standardized before use in the field. Color was meas- 
ological ured using platinum cobalt standards. A Secchi disk was used in the 
measurement of iransparency. 
"lakes. Net seston samples of 100-liter volume weze strained through a numbcr 
surface 25 bolting silk net. Concentrates of total seston from samples of 3-liter 
outlets. volume were obtained by settling and cecantation. A method similar to 
ground that described by Welch (1948) was employed. Plankton counts wee 
rainage made using a Sedgwick-Rafter cell. In all cases, at least 1 mi. of concen- 
ge and trated planktcn was counted. Dry weights of net and total seston were 
Takes. obtained by drying concentrates in an oven at 60°C. until they showed no 
Be and further loss in weight. These residues were then heated in a muffle furnace 
—— at a temperature of 600°C. for 2 hours. They were then reweighed and 
1uthors the ash-free dry weight calculated. The noncentrifugible or “dissolved” 
“red organic matter of the lake water was determined ky passing 1-liter samples 
| lakes of water through a Foerst centrifuge and evaporating the efferent liquid in 
of the an oven at 60°C. The residues were then ashed in the same manner as 
a seston conccntrates to determine the weight of organic matter and ach. 
ee At depths of 2 or more meters, quantitative samples of rooted aquatic 
> foe vegetation were taken with a Petersen dredge. In shallow water, a square 
aesaillig mete: quadrat was set in p'ace on the bottom and all rooted aquatic plants 
within the quadrat were ccllected by hand. Plant samp!es were oven-dried, 
; weighed, ashed in a muffle furnace, and reweighed to obtain their ash-free 
eed of dry weight. 
bite Littoral bottcm samples were taken with a Petersen dredge. An Ekman 
of ats d:edte was employed for sampling the sublittoral and profundal bottom. 
Doctor Benthic samples were concentrated using a 40-mesh sieve. In the laboratory, 


animals were picked from the concentrate. After sorting, identification, and 
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enumeration, the animals of each species from a given depth were oven- 
Cried and ashed, using the methods employed for plankton and rooted 
aquatic plants. 

The fish population of the lake was poisoned with rotenone (derris root). 
The concentration used, considering only the stratum of water which had 
sufficient oxygen to support fish life, was approximately 0.5 mg. derris root 
per liter. After poisonine, the major portion of the population was col- 
lected, counted, and weighed. Scale samples for age determination were 
removed from a large series of all species of fish possessing scales. A large 
number of the scaleless tadpole madtoms (Schilbeodes mollis) were preserved 
in formalin for age determination by use of vertebrae (Hooper, 1949). 
The small fish (principally young of the year) which remained on the lake 
surface or visible bottom four days after poisoning were counted but not 
collected. 

GEOLOGY AND TOPOGRAPHY 


Demming Lake lies on the county line between Clearwater County and 
Hubbard County. It lies in Section 25 of T143NR36W and in Section 30 
of T143NR35W. The lake is situated in a morainic belt referred to by 
Allison (1932) as the Itasca Moraine. This belt locally rises to an eleva- 
tion of over 1700 feet to form the highest land mass of central Minnesota. 
The topography of the area is of the “knob and kettle” type consisting of 
rounded hills and short ridges with intervening irregular depressions which 
arc often occupied by lakes and bogs. Many of the small lakes of the area, 
such as Demming Lake, occupy kettle-shaped depressions and have no inlet 
or outlet. The larger lakes have developed a more mature drainage pattern 
and have temporary or permanent inlets and outlets. Surface deposits of 
the area consist of glacial drift and outwash. Glacial drift is of the “young 
gray” type deposited during the Mankato substage of the late Wisconsin 
glaciation. “Young gray” drift is typically a gray calcareous clay contain- 
ing a mixture of limestone fragments and crystalline rocks. Chemical 
analyses of well waters of the gray till of the northwestern counties of Min- 
nesota by Allison (1932) indicate that the ground water is normally very 
hard, rich in calcium, magnesium, and sodium ions, and contains large quan- 
tities of bicarbonates. 


MorPHOMETRY, DRAINAGE, AND Bottom Deposits 


A hydrographic map of Demming Lake was made during the winter of 
1936 by the State of Minnesota Emergency Conservation Works, in conjunc- 
tion with the State Park Service. During August, 1946, the author made a 
number of soundings and measurements of the lake which indicated that the 
watet level had risen approximately three-fourths of a meter during the 
intervening period. Depth soundings and the shoreline were accordingly 
corrected on the map to the 1946 water level (fig. 1). 

The lake has an area of 5.09 hectares and a volume of 182,000 cubic 
meters. The maximum breadth is 330 meters, and the maximum length is 
360 meters. The shoreline is 1050 meters in length; the shore development 
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index is 1.31. Although the lake has a maximum depth of 16.5 meters, 
the deep water is confined to a small central depression so that the mean 
depth is only 3.5 meters. The volume development index of 0.65 indicates 
that the walls of the lake basin are convex toward the water. The mean 


slope of the bottom is 12.28 per cent. 


The drainage basin of Demming Lake comprises an area of approxi- 
mately 50 hectares, or an area roughly 10 times the surface area of the 
lake. Morainic ridges surround the lake in all directions except the north. 
To the north is a meadow which during years of high water level probably 
receives an overflow from the lake. Evidence from the position of old 
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Fig. 1.—Hydrographic map of Demming Lake located in Hubbard and Clear- 


water counties. Depth expressed in meters. 
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beaver lodges surrounding the lake, an early map of the region, the nature 
of bottom deposits, and marginal vegetation clearly indicates that major 
fluctuations in water level have taken place during the past 50 years. The 
highest water level recognizable was approximately 1 m. above the 1946 
water level. At that time, the meadow to the north was covered with 
water and constituted an arm of the lake. This arm of the lake is, in fact, 
shown on the topographic map of the Lake Itasca basin prepared by the 
Mississippi River Survey in 1900. During a period of regional low water 
levels from 1935 to 1940, the lake level was at least 90 cm. below the 
1946 level. 


TABLE 1 features of Lake 


Depth py Stratum rea henson Volume 
"Bane 
Meters Hectares Per cent Meters Hectares Cubic Per cent 
of total Meters of total 
Pcie 5.09 100.0 0-2 2.56 77,350 42.2 
© kes 2.64 51.9 2-4 1.06 42,230 23.2 
31.0 4-6 -62 25,400 13.9 
18.9 6-8 15,960 8.8 
12.6 8-10 25 10,300 
7.9 10-12 16 6,240 3.4 
a> 4.5 12-14 ll 3,560 2.0 
6... 06 16-16.5 .003 7 .003 


At the present time, the lake receives water from direct precipitation, 
from surface runoff, and possibly from the seepage of ground water. How- 
ever, the fact that the bound carbon dioxide content of the lake water is 
low, in an atea in which the ground water is normally very hard, suggests 
that the lake basin may be effectively sealed from the influence of sur- 
rounding ground water. Broughton (1941) believed that the chemical dis- 
similarity between northeastern Wisconsin seepage lakes and surrounding 
ground water was due to a lake basin seal. 


Bottom deposits of the littoral zone (1-3 m.) were predominantly of 
coarse-detritus gyttja.1 These sediments contained an abundance of fibrous 
plant material. They were predominantly brown in color, but had yellow 
organic matter interspersed. In water less than 114 m. deep, the gyttja layer 
was thin and was underlaid by sand or clay, forming a firm bottom. At 
depths of 2-3 meters, deposits were exceedingly tenuous and did not contain 
sand. Sublittoral deposits (3-5 m.) were brown in color and showed a 
fine-detritus structure. Exoskeletons of diatoms and cladocerans were 


1 The terms littoral, sublittoral, and profundal are here used as defined by Eggleton 
(1931). 
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abundant. Over half of the samples taken at 4 and 5 m. contained masses 
of dead moss. The moss was identified by Dr. Richard Evans, of the 
University of Wisconsin, as Drepanocladus aduncus. Profundal sediments 
(5-161 m.) were also of a fine-detritus type, although black or dark brown 
in color. The strong odor of hydrogen sulphide which the deeper profundal 
sediments gave off, indicated that they were chemically reduced. 


PHYSICAL AND CHEMICAL FACTORS 


Color and Transparency.—Color determinations were made on surface 
samp!es from which suspended matter had been removed by settling and 
centrifugation. The color on June 18, 1946, and on August 15, 1946, was 
30. On August 14, 1947, a value of 35 was obtained. Secchi disk read- 
ings indicated a transparency of 3.4 m. on June 16, and 3.3 m. on July 29, 
1946. These values of color and transparency fall within the range of 
values reported by Birge and Juday (1930) for the group of Wisconsin 
lakes havin~ low-me ‘ium transmissicn of tctal radiatiox. 


Temperature ——Typical summer temperature curves are indicated by the 
data of June 16, 1946 and July 29, 1946 (fig. 2). The temperature de- 
creased at a rate of approximately 4°C. per meter from near the surface to 
5 m. The upper limit of the hypolimnion was at 6 m. Below 8 m., the 
water was isothermal to the bottom, at a temperature of 5.0°C. Such 
intense thermal stratification is attributable to the small wind-effective length 
and to the protection from wind action afforded by surroundi=g terrain and 
vegetation. The data of October 19 show thermal conditicns immediately 
preceding the fall overturn. Water was nearly isothermal from the surface 
to a depth of 8 m.; there was a decrease of 2.4°C. from this point to 11 m.; 
below 11 m. the water was isothermal at 5.3°C. Temperature measurements 
of March 23, 1947, are typical of the winter stagnation pericd. At this 
time, the lake was covered with 181, inches of ice and 6 inches of compact 
snow. There was a steady rise in temperature from 1°C. immediately under 
the ice to 4°C. at 5 m. From this point to the bottom, the water was 
isothermal. 


Dissolved Gasses Corresponding to the pronounced thermal stratification 
exhibited during the summer months, there was also pronounced stratification 
of free and bound carbon dioxide and dissolved oxygen. By June 16, ap- 
proximately 6 weeks after the lake was free from ice, oxygen could not be 
detected at 6 m. and below. There was a marked increase in free and 
bound carbon dioxide between 2 m. and 6 m. In the hypolimnion, free 
carbon dioxide increased with increasing depth to a value of 20 mg. per liter 
in the bottom water. There was a similar hypolimnetic increase in bound 
carbon dioxide. The free and bound carbon dioxide content of the stagnant 
bottom water increased to much higher values by October 19. The March 
23 series again showed a pronounced oxygen deficit and a high concentra- 
tion of free and bound carbon dioxide below 8 m. Although at least 
partial aeration of the bottom water occurred durirg the fall overturn, it 
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is apparent that intense chemical stratification was soon re-established under 
the ice. The quantity of free and bound carbon dioxide in the bottom 
water on March 23 was greater than that present on July 30. The odor of 
water samples from below 10 m. during the summer and from 14 and 16 m. 
on October 19 and March 23 clearly indicated the presence of hydrogen 
sulphide. 
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Fig. 2.—Physical and chemical features of Demming Lake. 
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pH.—During the summer, water from the surface and 2 m. gave pH 
readings of from 7.1 to 7.2. Below the thermocline, the pH ranged from 
6.6 to 6.4. The pH of the surface water dropped to 7.0 on October 19 as 
mixing took place with stagnant water of the hypolimnion. With the ac- 
cumulation of free carbon dioxide under ice during winter stagnation, the 
surface pH decreased to 6.6. 


Minerals, Organic Nitrogen, and Phosphorus——Samples were taken at 
the surface and at a depth of 8 m. on October 19, 1946, for quantitative 
determinations of certain minerals and the organic forms of nitrogen and 
phosphorus. With few exceptions, the surface water gave almost identical 
values as the water at 8 m. Since the lake was very nearly isothermal at 
this time and considerable mixing had taken place in the upper strata, close 
agreement was to be expected. The concentration of ammonia in the sur- 
face water was 0.089 mg. per liter. This quantity is well above the mean 
of the 276 northern Wisconsin lakes studied by Juday, et al (1938). Very 
probably this high concentration resulted from recent mixing of the surface 
water with ammonia-rich water from the hypolimnion. Nitrites could not 
be detected at either depth with the technique employed. The concentration 
of nitrate nitrogen at the surface and at 8 m. was 0.080 mg. per liter. Since 
soluble phosphate could not be detected at either depth, an amount less 
than 0.003 mg. per liter was indicated. Organic phosphorus increased from 
0.021 mg. per liter at the surface to 0.044 mg. per liter at 8 m. Chlorides 
and sulphates could not be detected with the technique used. This indi- 
cated a chloride ion concentration of less than 0.20 mg. per liter, and less 
than 0.50 mg. per liter of sulphate ion. 


Noncentrifugible Residues—When evaporated to dryness, surface water 
collected on August 14, 1947, gave an average of 55.7 mg. per liter of 
noncentrifugible Cry residue. Of this quantity, 59 per cent (33.0 mg. per 
liter) was lost when residues were heated at 600°C. for 2 hours. A concen- 
tration of organic matter of 27.5 mg. per liter is obtained by subtracting 
the weight of volatile carbon dioxide from the loss on ignition. 


AQuaTiIc PLANTS 


Quantitative sampling of the rooted aquatic plants was carried on from 
August 6 to August 13, 1946. The vegetation was near its maximum 
yearly luxuriance during this period. A total of 131 samples were taken 
from all parts of the euphytal zone. The area sampled comprised 37.33 
sq. m. Twelve species of rooted aquatic plants were recorded. Of these, 
only four were of quantitative importance. The needlerush (Eleocharis 
acicularis (L.)) composed 80.0 per cent of the total dry weight of plants 
collected. This small sedge occurred both on wet soil at the lake margin 
and submerged to a depth of 2 m. on firm sandy bottom. The wapato 
(Sagittaria cristata Engelm.) composed 19.4 per cent of the total dry weight 
of rooted plants from 0 to 1 m., and 15 per cent from 1 to 2 m. Typically 
associated with §. cristata on soft bottoms at depths of between 1 and 2 m. 
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was a second small rosettelike plant, the quillwort (Isoetes Braunii Dur.). 
This species composed 6.3 per cent of the dry weight of vegetation between = 
1 and 2 m. The only rooted plant found in appreciable numbers below a 
depth of 2 m. was a pondweed (Potamogeton Berchtoldi Fieber); it was 
collected only in the northwest bay of the lake. Isolated individuals of - 
Potamogeton gramineus L., Utricularia vulgaris L., Sparganium fluctuans 0. 
(Morong), Nymphaea odorata Ait., Brasenia Schreberi Gmel., Sag't:aria lati- 1. 
folia Willd., Polygonum natans Eaton, and Dulichium arundinaceum (L.) 2. 
were collected during the course of study. 3. 
The relationship between the particular assemblage of plant species and 4 
the chemical characteristics of lake water has been studied extensively in , 
Wisconsin by Fassett (1930) and Wilson (1935), and in Minnesota by - 
Moyle (1945). The majority of rooted hydrophytes of Demming Lake 
belong to the soft water flora given by Moyle (1945). Fassett (1930) the 
considezs the small, close, rosette life-form characteristic of the three pre- apy 
dominan: species of aquatic plants in Demming Lake to be characteristic pl: 
of Wisconsin lakes having clear water, a low pH, and containing small pl: 
amounts of bound carbon dioxide. 
The dry weight of the total crop of rooted plants was 152.48 kg. The gre 
1 tc 2 m. depth was the most productive area of the lake. Dry weight of mc 
plants of this area averaged 8.35 g. per sq. m. The average dry weight of thi 
plants between the lake margin and 1 m. was 4.12 g. Below 2 m., there th 
was a steady decrease in the quantity of vegetation. Between 3 and 4 m., lus 
the average weight was only 0.03 g. per sq. m. No rooted plants were we 
collected below the 4 m. contour. Considering only the area of the euphytal co 
zonc (0-4 m.), the average dry weight of rooted plants amounted to 4.34 g. re 
per sq. m. $e. 
PLANKTON 33 
Qualitative plankton data consisted of lists of species identified from tow 4; 
net catches made at intervals of approximately 3 weeks from June 16, 1946, ‘ 
to August 19, 1946. Quantitative data consisted of counts of complete ye 
vertical series of net samples taken on June 19, August 2, and August 19; q 
counts on vertical series of nannoplankton samples taken on June 19 and " 
August 2; and the dry weight and loss on ignition of the evaporated con- . 
centrate from the above-mentioned series of quantitative samples. Vertical K 
series of plankton catches consisted of samples taken from the surface, 2, 4, : 
6, 8, 10, and 12 m. depths. 
Water at and below the lower level of the thermocline contained few S 
living plankters. On August 2, the net plankton count at the 6 m. depth 
was 67 organisms per liter; at 10 and 12 m., the count was less than 10 
organisms per liter. On the same date, the net plankton count at the 4 m. n 
depth was 28,500 organisms per liter. The numbers of living plankters t 
below the thermocline on June 19 and August 19 similarly were negligible. a 
Consequently only the stratum between the surface and the 5 m. contour was s 
considered in calculating average plankton counts (table 3) and in calculating l 
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TABLE 2.—Dry weight of rooted aquatic plants in Demming Lake 


Area Dry weight Calc. total 
sampled in g. per Area in dry weight 
in sq. m. sq. m. sq. m. in kg. 


24.36 4.12 13,933 57.40 
9.45 8.35 
1.53 1.09 
1.09 .03 
90 .00 


37.33 


the average weight of seston. These indices of plankton production therefore 
apply only to the trophogenic waters and provide a much fairer estimate of 
plankton production than if averages were computed that included the 
plankton-poor bottom water. 


The predominant groups of organisms of the summer plankton were 
green algac of the order Chlorococcales and flagellates of the order Chryso- 
monadina. Populations of the former group remained at a high level 
throughout the summer. In June collections, Oocystis lacustris Chodat was 
the predominant species; however, large counts of Dictyosphaerium pulchel- 
lum Wood, Crucigenia irregularis Wille, and Quadrigula Pfitzeri (Schroder) 
were recorded. On August 2, populations of Dictyosphaerium of 100,000 
colonies per liter were recorded, but the numbers of other species were much 
reduced. A spectacular increase in the numbers of the flagellate Dinobryon 
setularia Ehr. occurred duzing midsummer. On August 2, an average count 
330,000 colonies pez liter was recorded. Large, although somewhat reduced 
numbers of this species were recorded on August 19. Blue-green algae and 
diatoms constituted minor elements in the summer plankton. The Des- 
midiaceae were represented by a variety of species, but were unimportant 
quantitatively. Of the strictly heterotrophic plankters, the Rotifera was the 
most varied and abundant group. On August 2, rotifer populations aver- 
aged 1,167 individuals per iiter. Most numerous in this large assemblage 
were Conochiloides dossuarius (Hudson), Ptygura libeva Meyers, and 
Keratella cochlearis (Gosse). Counts of Entomostraca never exceeded 270 
individuals per liter. On June 19, counts averaged only 37 per liter. Total 
counts of net and nannoplankton were invariably highest at the 4 m. depth. 
Similarly, a maximum dry weight of seston was obtained at this depth. 


The averase ash-free dry weight of seston, tased upon two series of 
nannoplankton samples, amounted to 2.23 mg. per liter. Calculated in 
terms of the total quantity present in the 0-5 m. stratum, the s:ston crop 
amounted to 293.7 kg. (ash-free dry weight) or 57.7 per hectare of lake 
surface. The average ash-free dry weight of net seston was 0.392 mg. per 
liter. This yields a ratio of total seston to net seston of approximately 6:1. 
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BoTTOM FAUNA 


Estimates of the size and composition of the summer crop of bottom 
fauna ate based upon a total of 111 dredge samples. Vertical series of 
samples at the 1, 2, 4, 8, 12, and 16 m. depths were taken on June 16, 
August 6, and August 26. The August 26 collections were made 10 days 
after poisoning thé lake with rotenone. Brown and Ball (1942) and 


Taste 3.—Compesition of plankton of the surface-5 meter stratum, Demming Lake 
on June 19 and August 2, 1946. Results are expressed in numbers of individuals or colo- 
nies per liter. Colonial algae and protozoa were counted as colonies per liter; noncolonial 
forms were co.nted as individuals per liter. 


June 19 August 2 


Number of Average Number of Average 
Group species count species count 


Myxophyceae 973 13 15,240 
Chlorophyceae 96,830 13 134,250 
Desmidiaceae ..... 120 15 1,413 
Bacillariaceae 1,938 142 
Protozoa ........... 498 337,500 
Rotifera . 174 1,167 


Cladocera 4 60 
33 101 


Hooper (in press) have shown that rotenone in the concentration used has 
no marked deleterious effect on the majority of bottom fauna invertebrates. 
Variation in the horizontal and vertical distribution of the benthic inverte- 
brates of the littoral zone (1-3 m.) made it necessary to take the largest 
number of samples from this zone (61 per cent). Rooted aquatic plants 
were so sparsely distributed and were of such small size that dredge sampling 
was possible throughout the littoral area. With a Petersen dredge it was 
possible in most cases to take samples containing both the rooted plants and 
2 full quota of the underlying ooze. The fauna of both the coze and the 
aquatic plants was therefore included in littoral catches. Twenty-four per 
cent of the catches were from the sublittoral zone (3-5 m.) and 15 per 
cent were from the profundal zone (5-161/2 m.). Table 4 gives the mean 
number and dry weight of various groups of organisms collected in each of 
these principal zones during the summer of 1946. 


The littoral zone possessed a much more varied fauna than did the sub- 
littoral or profundal zones. A total of 27 species was collected in the 
littoral zone, as compared with a sublittoral fauna of 8 species and a pro- 
fundal fauna of 3 species. A pronounced maximum in numbers of indi- 
viduals and in dry weight of animals occurred in the sublittoral zone (table 
4). This maximum of benthic animals is similar to the concentration 
zone described by Eggleton (1931). In this case, the concentration zone 
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never extended below the thermocline during the summer, but was limited 
to a narrow band between the 3 and 5 m. contours. 


The calculated ash-free dry weight of the average summer crop of 
bottom fauna for the entire lake amounted to 24.838 kg. The fauna of 
the sublittoral zone constituted 58.8 per cent; the littoral fauna, 40.0 per 
cent; and the profundal fauna, 1.2 per cent of this quantity. 


The littoral fauna was poor in mollusks as compared with the fauna of 
surrounding hard water lakes. Helisoma antrosa (Conn.) and a species of 
Pisidium were the mollusks of quantitative importance. A sparse population 
of Anodonta marginata Say occurred in water less than 2 m. deep. Speci- 
mens recovered from the lake proved to be somewhat different in size and 
shape from those taken in surrounding waters. Leeches, caddisfly larvae, 
and midge larvae made up 75.5 per cent of the dry weight of the littoral 
fauna. Although abundant, midge larvae of the littoral zone were of small 
size. An unidentified species of Tanytarsus was the predominant form. 
Larvae of Tendipes decorus (Johannsen) constituted 95.1 per cent of the 
weight of sublittoral bottom fauna, and 90.0 per cent of the total number 
of sublittoral animals. The average summer population of this species 
between the 3 and 5 m. depths was 2506 individuals per sq. m. The 
maximum sublittoral population of Chaoborus punctipennis (Say) recorded 
during the summer was 278 individuals per sq. m., a small number when 
compared with the large sublittoral and profundal populations of this species 
reported by Eggleton (1931), Deevey (1941), and others. Oligochae*e;, 
Pisidium, and nematodes together constituted less than 2 per cent by weight 
of the sublittoral benthos. The crop of bottom fauna of the profundal 
zone was exceedingly meager. Small numbers of Tendipes decorus, Procla- 
dius sp., and Chaoborus punctipennis were collected at 8 m. The only 
animals recovered from samples taken at 12 and 16 m. were two pupae of 
Chaoborus. These two isolated records give a somewhat questionable indi- 
cation of a macroscopic bottom fauna at these depths since limnetic migra- 
tion of larvae and pupae of this species is well known (Eggleton, 1932; 
Juday, 1921). 

FIsH 


Prior to the poisoning of the lake during the summer of 1946, there 
had been no intensive study of the fish population. However, some earlier 
records are available which must be considered in the present study. Pro- 
fessor Samuel Eddy reports in a personal communication that he made 
several seine hauls and gill net catches in the lake during the summer of 
1938 and recorded a good catch of northern pike (Esox lucius) and yellow 
perch (Perca flavescens). The perch captured were of comparatively large 
size, averaging approximately 10 inches in length. Northern pike were 
between 3 and 4 pounds in weight. During May, 1940, 12 species of fish 
were planted in the lake by Professor Eddy. This plant included 49,500 
fry of the yellow pike-perch (Stizostedion vitreum), 1,872 fingerling yellow 
perch (Perca flavescens), 743 common shiners (Notropis cornuius). Small 
numbers (less than 30) of common suckers (Catostomus commersonn'i), 
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pumpkinseeds (Lepomis gibbosus), bluegills (Lepomis machrochirus), rock 
bass (Ambloplites rupestris), black crappies (Pomoxis nigro-maculatus), 
northern pike (Esox lucius), tadpole madtoms (Schilbeodes mollis), and 
several adult specimens of the black bullhead (Ameiurus melas) were also 
introduced. Two men who had conducted logging operations on the lake 
during the spring of 1944 informed the author that large numbers of dead 
fish were present on the lake after the ice break-up of that year. They noted 
large specimens of northern pike and yellow pike-perch among the dead fish. 
Although this report cannot be considered authoritative, it cannot be dis- 
regarded in light of indicaticns discussed below that some condition dras- 
tically reduced the fish population prior to the summer of 1946. Since the 
lake had been closed to fishing for at least 5 years previous to the time of 
poisoning, it can be assumed that the population had not recently suffered 
this type of exploitation. 

Only 5 species of fish were recovered from the lake after poisoning. The 
species recovered were the pumpkinseed (Lepomis gibbosus (L.)), the 
yellow perch (Perca flavescens (Mitchell) ), the northern pike (Esox lucius 
L.), the tadpole madtom (Schilbeodes mollis (Hermann)), and the black 
bullhead (Ameiurus melas (Rafinesque)). A single large adult specimen 
of the black bullhead was recovered. It is quite possibie that this was a 
single survivor of the specimens introduced into the lake in 1940. Table 5 
gives the numbers, average standard length, average wet weight, and total wet 
weigh of the various year classes of each species of recovered fish. Calcula- 
tion of total wet weight was made by multiplying the number of recovered 
fish of a given year class by the mean weight of the specimens of that year 
class examined and weighed at the time of collection. 

A greater weight of tadpole madtoms was recovered than of any other 
species. The presence of such large numbers of this species is surprising 
since it is not abundant in most of the lakes of the area. Its occurrence in 
the lake probably dates back to the specimens introduced in 1940. The 
pumpkinseed was second in weight of recovered fish; fish of the 1946 year 
class were present in large numbers, but older fish were poorly represented. 
Northern pike composed 22.23 per cent of the total weight of fish recovered; 
the 1945 year class was predominant. Perch hatched during the summer of 
poisoning ranked fourth in terms of both weight and numbers; however, only 
two older fish (1944 year class) were recovered. The wet weight of all 
fish that were either recovered or counted after poisoning was calculated to 
be 114.03 kg., or 251.4 Ibs. Expressed per unit of lake surface, the crop 
was 22.4 kg. per hectare, or 20.0 Ibs. per acre. 

It is to be noted that the recovered population differs in many respects 
from what might be considered a typical population of such a body of 
water. First, the number of species recovered was small; second, none of the 
fish recovered had attained an age greater than 3 years; third, an unusually 
large proportion of the recovered fish were young of the year; fourth, certain 
year classes were absent or represented by only a few specimens (i.e. 1943 
and 1944 pumpkinseeds, 1945 and 1944 perch, and 1944 northern pike). 
The explanation of these conditions is not apparent. Certain possibilities 
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however, might be considered. First, failure to poison the entire population 
might be suspected of giving erroneous data. There were, however, indica- 
tions that poisoning was completely effective. A set of approximately 500 
fee: of 3/4-inch gill net made 7 days after poisoning yielded no fish. In 
subsequent study of the lake (1946-1949) by the author and by Professor 
Samuel Eddy neo fish other than those recently stocked (1948) have been 
detected. Secondly, failure of fish to rise to the surface after poisoning 
might result in erroneous population estimates (c.f. Carlander and Lewis, 
1948). A thorough search of the visible lake bottom 5 days after poisoning 
showed that many young of the year sunfish and smaller numbers of 
fingerling madtoms and perch had, in fact, failed to rise to the surface. A 
census made of these small fish indicated that recovery of pumpkinseeds of 
this age was not over 80 per cent complete and that recovery of young perch 
and madtoms was nct over 85 per cent complete. No larger fish were observed 
on the bottom. Some larger specimens, however, may have died in deep 
wate: and failed to rise to the surface, thus creating discrepancies in popula- 
tion counts. The complete absence of fish over 3 years old and the paucity 
ci 2 and 3-year-old fish in the recovered population, however, cannot be 
satisfactorily explained on this basis. The recovery data suggest that some 
condition, such as a low concentration of dissolved oxygen, reduced the fish 
population to a low level 2 or more years prior to the year of poisoning. 
Small populations of the species surviving such a catastrophe would tend to 
produce small and unsuccessful year classes. The population data therefore 
tend to substantiate the report that large numbers of fish were killed under 
the ice during the winter of 1943-1944. 


COMPARISON WITH OTHER LAKES 


The chief value of the assersment of the magnitude of either the average 
annual or the average summer standing crop of organisms lies in that it 
offers an objective means of comparing various aquatic ecosystems. Since 
the average crop of organisms present during a time interval is the result 
cf both actions and reactions taking place between the environment and the 
biota, and coactions of constituent organisms, such comparisons quantitatively 
reflect fundamental ecological conditions and processes. 

Table 6 compares values of the mean summer standing crop of seston, 
bottom fauna, rooted aquatic plants, and fish of Demming Lake with certain 
other lakes for which comparable data are available. In most cases, data 
are expressed in terms of ash-free wet weight per hectare of lake surface. 
Approximate conversion of wet weight to dry weight has teen made by as- 
suming an average water content of 90 per cent for all groups of organisms. 
This conversion factor, given by Juday (1942), was found to be approxi- 
mately correct for Demming Lake benthos, seston, and rcoted plants. Be- 
cause errors are inherent in the weighing of small quantities of wet bottom 
fauna and seston, the results obtained by making such conversions are 
believed to be as reliable as those obtained by weighing the wet organisms 
directly. 

Of the lakes for which complete data are available, Weber and Nebish 
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lakes (Juday, 1942) are most similar to Demming Lake in the size of their 
summez crops of plants and animals. They are northeastern Wisconsin lakes 
of low mineral fertility; Weber is a seepage lake, and Nebish is a semi- 
draina~c lake. Although the crops of bottom fauna and rooted plants of 
Nebish Lake are considerably greater than those of Demming, they appear 
to be of the same order of magnitude considering the range of values g:ven. 
The paucity of rooted plants of Demming Lake appears to te related to 
the low transparency of the water and to the presence of bottom deposits 
which were in part unsuitable for plant growth. Bottom deposits cf the 
large uncolonized areas between the 2 and 3 m. contours were invariably 
of exceedingly tenuous ooze containing large quantities of fibrous plant 
material. In such areas, the macrotenthic fauna also was poor or absent. 
Poor growth of plants in similar types of bottom deposits in other lakes 
has been noted by Pearsall (1920) and Roelofs (1944). Eggleton (1931) 
observed a marked decrease in the macroscopic bottom fauna of Third 
Siste: Lake in deposits of coarse decaying plant remains. The fish crop of 
Demming Lake is within the range of the 3 acid or circumneutral Nova 
Scotian lakes studied by Smith (1938) and the 3 northern Michigan “land- 
locked” (seepage?) lakes studied by Eschmeyer (1937, 1938). By contrast, 
the crop of seston (plankton), rooted plants, and tenthos reported by 
Juday for the two southeastern Wisconsin hard water lakes (Mendota, 
Green) is exceedingly high. Similarly, Third Sister Lake, a Michigan lake 
of the hard water type, produced a much larger crop of fish than any of 
the soft water lakes. Hard water lakes may have fish crops within the 
ranze reported by Thompson ard Bennett (1939) for 7 artificial Illinois 
lakes. 


Tas_e 6.—The average summer crop of seston, rooted plants, ko:tom fauna, and fish 
of Demming and certain other lakes. Data are in terms of ash-fzee wet weight in kilo- 
grams per hectare of lake surface, unless otherwise indicated. 


Seston Rooted 


Lake Authority (plankton ) plants 


Demming 577 292 
Weber, 1933 Juday (1942) 624 366 


Nebish 
Mendota 
Green 


3 Nova Sco- 
tian lakes 


Third Sister 


6 Northern 
Michigan lakes 

7 Illinois 
artificial lakes 


Juday (1942) 
Juday (1942) 
Juday (1942) 


Smith (1938) 
Brown & Ball 
(1945) 
Eschmeyer 
(1937, 1938) 
Thompson & 
Bennett (1939) 


650 
1995 
2944 


4600 


97* 
25-56* 


232-1143* 


* Indicates wet weight. In the case of Demming Lake fish, the average ash content 
was 2.9 per cent of the wet weight. 
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The concentrations of bound carbon dioxide (alkalinity), nitrogen, and 
phosphorus are chemical features considered to be of importance in deter- 
mining productivity (Naumann, 1932; Juday, 1942; Moyle, 1946). On the 
basis of total alkalinity and sulphate ion content, Demming Lake falls 
within a class of Minnesota lakes designated as “very soft” by Moyle 
(1949). The concentration of total phosphorus of October 19 is of the 
magnitude of the Minnesota waters studied by Moyle that were lowest in 
phosphorus fertility. In total nitrogen, Demming Lake is well below the 
average reported by Moyle for 45 Minnesota lakes. The concentration of 
organic nitrogen falls below the mean of 291 drainage lakes and 238 seepage 
lakes in northeastern Wisconsin (Birge and Juday, 1934). The value of 
organic phosphorus is almost identical with the mean of 479 northeastern 
Wisconsin lakes (Juday and Birge, 1931). 


In their studies upon northeastern Wisconsin lakes, Juday, Birge, and 
Meloche (1935, 1938) showed that as an average, drainage lakes of the area 
contained greater concentration of bound carbon dioxide, calcium, sulphate, 
chloride, and other minerals than seepage lakes. These authors and Brough- 
ton (1941) attribute the greater mineral content of drainage lakes to the 
activity of streams in accumulating minerals from the ground water of sur- 
rounding terrain and carrying these minerals to the waters of drainage lakes. 
A similar difference in quantity of bound carbon dioxide exists between 
seepage and drainage lakes of the Itasca Park region for which data are 
available. The surface waters of two seepage lakes adjacent to Demming 
Lake, Arco and Josephine, have a bound carbon dioxide content during the 
summez of approximately 10.0 and 13.0 mg. per liter respectively. The 
average surface value for Demming Lake during 1946 was 6.5 mg. per 
liter. Values for 3 lakes of Itasca Park with permanent stream drainage 
are: Squaw Lake, 54 mg. per liter; Elk Lake, 78 mg. per liter; Lake Itasca, 
73 mg. per liter.! 

DiscussION 


Although Itasca Park, Minnesota, is a region of calcareous soils and is 
characterized by hard water lakes of high productivity, these regional features 
are not reflected in the chemical and biological characteristics of Demming 
Lake. The low level of productivity indicated by the size of the standing 
crop of plants and animals during the summer of 1946 seems to a major 
degree to be associated with the lake’s limited supply of essential mineral 
nutrients In both northeastern Wisconsin and in the Itasca Park region, 
lakes lacking stream drainage and possessing only small surface drainage 
basins are normally poor in minerals as compared with bodies of water hav- 
ing a permanent stream drainage system. These facts suggest that the 
explanation of the low mineral fertility of Demming Lake is to be found 
in the limited nature of its drainage rather than in the mineral content of 
its drainage basin. The primary typology of the lake would then appear to 
be a reflection of the type of drainage rather than of the regional soil 
characteristics. 


1 Data on these lakes supplied by Professor Samuel Eddy. 
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Certain morphometric features of the lake, such as low mean depth and 
low volume development, are usually regarded as being favorable for high 
productivity (Rawson, 1939). However, these appear to be counteracted in 
part by other morphometric characteristics. The small surface area and the 
protection from wind action afforded by surrounding morainic ridges and 
vegetation reduce the effectiveness of the wind in circulating the water mass. 
During the summer, this results in the formation of an epilimnion ordinarily 
less than 1 m. thick. The remainder of the lake’s photosynthetic zone lies 
within the thermocline, a region of high vertical stability in which wind- 
induced water movements are much reduced. Nutrients and gasses pro- 
duced by decomposition within this extensive portion of the photosynthetic 
zone are therefore not freely circulated. It appears probable that the effect 
of limiting the circulation of these substances within the productive waters 
of the lake would be to lower the general level of biological productivity. 


SUMMARY 


1. Morphometric, chemical, physical, and biological features of a small 
northwestern Minnesota seepage lake are described. 

2. Characteristic environmental features of the lake are: an epilimnion 
normally less than 1 m. thick during the summer; moderate color and 
medium transparency; tenuous littoral bottom deposits of a ccarse-detritus 
type which appear to be poorly suited for rooted plants and bottom fauna; 


and a low concentration of bound carbon dioxide and minerals. 
3. Rooted aquatic vegetation had a limited bathymetric distribution and 
consisted principally of three species of small rosettelike plants. 


4. Bottom fauna of the sublittoral zone constituted 58.8 per cent of the 
average summer crop. In contrast, the fauna of the littoral zone represented 
only 40.0 per cent. 


5. Values of the average summer crop of rooted plants, seston, bottom 
fauna, and fish during 1946 indicate a low level of productivity. 

6. There are indications that drainage features have been more important 
than regional soil characteristics in determining the primary typology of 
the lake. 
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Additions to the Genus Carex in Michigan 


Frederick J. Hermann 


Division of Plant Exploration and Introduction, 
Plant Industry Station, U. S. D. A., Beltsville, Maryland 


During the ten years that have elapsed since the publication of a paper on 
“The Genus Carex in Michigan,” published in this journal (Vol. 25 (1): 1- 
72. Jan. 1941), exploration within the State for sedges has been quite active. 
This has resulted in the addition of many county records, including appreciable 
range extensions for several species (Carex straminea, C. concinna, C. ormos- 
tachya, C. crawei, C. oligocarpa, C. davisii and C. emoryi), new stations for 
rarities, and four new entities (C. gravida, C. annectens var. xanthocarpa, C. 
flacca and C. nigra) to be added to the 169 species previously authenticated for 
the State. The greater proportion of the additions is due to the extensive and 
discriminating field work of Mr. and Mrs. Clarence R. Hanes of Schoolcraft 
and of Mr. Clayton W. Bazuin of Grand Rapids, although novelties have 
been turned up by several other collectors as well. Important new localities 
can also be added as the result of the discovery by Mr. E. G. Voss of a valu- 
able series of Michigan collections by C. F. Wheeler and G. H. Hill in the 
Denison University Herbarium at Granville, Ohio (specimens subsequently 
transferred to the University of Michigan Herbarium). 


It seems worth while to assemble this additional data here in the form of a 
supplement to the 1941 paper, and to include for the sake of completeness 
even such records as have been elsewhere recorded in the interim (chiefly bv 
C. R. and F. N. Hanes in Flora of Kalamazoo County, Michigan, 1947 and in 
part by C. W. Bazuin in Papers Mich. Acad. Sci. 32, Part I: 3-13. 1948) and 
supplements to the original keys to accommodate the species new to the State. 
Another source of additional records has been the collections of the late O. A. 
Farwell which were not available for study in 1941 but to the greater part of 
which access may now be had since they have recently been incorporated into 
the Herbarium of the Cranbrook Institute of Science at Bloomfield Hills. More 
important, however, than the new records deriving from this col'ection has been 
the opportunity offered by its availability of clearing up a group of unauthenti- 
cated reports based upon it (several of which were of an almost sensational 
nature); reports which for lack of subscantiating specimens had to be relegated 
to the list of excluded species in 1941. In fact, the hope of elucidating some 
of these reports and the necessity of indicating the need for caution in accept- 
ing at face value the data found on many of Farwell’s labels, is the primary 
reason for publishing the present paper. 

Another purpose in the publication of these notes is to add one more plea 
for reliability in the published statements of geographic distribution, in view of 
the prevalence of continued perpetration of unauthenticated reports even after 
their spuriousness has been pointed out. No one, I suppose, has voiced similar 
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warnings more frequently than Professor M. L. Fernald, who has repeatedly 
decried reports “prepared by those who do not realize the confusion created by 
inaccurate publication,” and insisted upon the requirement that records “must 
be based exclusively upon accurately determined specimens and disctiminating- 
ly viséed records.” 


Yet his own recent publication of the Eighth Edition of Gray’s Manual 
reveals the same shortcoming of basing statements of range upon unverified 
and highly dubious reports, resulting, in the case of Carex, in giving a quite 
erroneous picture of the distribution of at least four geographically significant 
species. This is the more surprising coming as it does from one who professes 
to be primarily a careful student of phytogeography. The four species in 
question are Carex tincta Fern., C. willdenowii Schkuhr, C. bushit Mack., and 
C. baileyi Britt., the earlier reports for all of which were pointed out to be 
either based upon misidentifications or to be unsupported by trustworthy speci- 
mens (Amer. Midl. Nat. 25: 67-68. 1941). In the same paper it was empha- 
sized that if any of these species did cccur at the Michigan stations from which 
they were reported it would be a highly anomalous, and quite inexplicable, 
geographic situation. Upon recent inquiry at the Gray Herbarium, it was 
iearned that no material of Carex tincta or C. bushii purporting to have been 
collected in Michigan was on file there, and that the Michigan references for 
these in the new Gray are evidently based only upon the old disqualified 
reports. A collection of Umbach’s from Lake Harbor, Michigan, labelled 
Carex willdenowii was on deposit at the Gray Herbarium but examination of 
this shows it to be unmistakably C. jamesii, and a sheet of C. baileyi from the 
C. F. Wheeler Herbarium, Michigan Agricultural College, may have formed 
the basis for the report of that species, but the label bears no locality data 
whatever and there seems to be no reason for concluding that the plant (a 
single culm) was collected in Michigan rather than that it was received by 
Wheeler in exchange. 


RELIABILITY OF THE FARWELL DATA 


In an unpublished manuscript of Farwell’s recentiy seen by the writer 
records were indicated for ninety-eight Carices from counties not seen by the 
writer, including reiteration of the earlier sensational reports rejected in my 
1941 paper. Through the courtesy of Dr. Stanley Cain, formerly in charge 
of the herbarium at Cranbrook Institute, specimens forming the basis for all 
but three of these records (the missing specimens being C. tenuiflora from 
Houghton and St. Clair Cos. and C. longii from Keweenaw Co.—the last- 
named again a well-nigh impossible station) were located and loaned to the 
writer for study. Of the sedges reported as new for Michigan the evidence 
for only one native species (Carex gravida) and one variety (C. annectens var. 
xanthocarpa) scemed sufficiently plausible to admit their inclusion into the list 
of those duly authenticated from the State. A detailed discussion of the ques- 
tionable records and the reason for their rejection follows. The highly dubious 
dates of most of these collections, the equally questionable localities, and Far- 


on 

ive. 
ble 4 
} Os- 
for 

‘sd 
for 
ind 
aft 
ave 
ies 
lu- 

he 
tly 

a 
bv 
in 
id 

e. 
of 

re 
al 
d 
e 
a 
f 4 
r 


484 THE AMERICAN MIDLAND NATURALIST 46 (2) 


well’s known unmethodical habits in preserving and labelling his specimens 
(which were as frequently collected in extreme southeastern Michigan as on 
the Keweenaw Peninsula), lead to the unavoidable suspicion that the labels in 
question were mixed. This conclusion is strengthened by the fact that the first 
five of the anomalous records are all ascribed to the same date and locality. 


Carex jamesii Schwein. (Farwell 698, woods near Clifton, Keweenaw Co., 
Sept. 20, 1888).—The perigynia in this specimen are still immature, a condi- 
tion that could scarcely occur at this date. In southern Michigan the fruits 
mature in May or early June and are shed early in the following month. The 
nearest known station for this decidedly southern species is in Muskegon 
County. 

Carex davisii Schwein. et Torr. (Farwell 700, woods near Clifton, Kewee- 
naw Co., September 20, 1888).—This sedge is not otherwise known in Michi- 
gan north of Kent County. Within its known range it reaches maturity from 
April to the first week in June and the perigynia are promply deciduous; only 
rarely do they persist into July even at the northern limit of its range. Since 
the date of this specimen (with perigynia partly green, partly brown but not 
falling) is almost certainly erroneous the locality is doubly questionable. The 
label originally read Sept. 1889, but was later over-written with Sept. 20, 1888. 


Carex virescens Muhl. (Farwell 697, Keweenaw Co, Sept. 20, 1888).— 


Otherwise known only from the two southernmost tiers. of counties. Date 


again changed from the indefinite “Sept. 1889” to Sept. 20, 1888. 


Carex squarrosa L. ( Farwell 699, near Clifton, Keweenaw Co., Sept. 20, 
1888) .—Known otherwise only from three collections in extreme southeastern 
Michigan, where the perigynia ripen early in June. The Farwell specimen is 
very immature; the plant could hardly be in this juvenile stage at such a late 
date. 


Carex lurida Wahl. (Farwell 703, swamp near Clifton, Keweenaw Co., 
Sept. 20, 1888).—The achenes are only half grown in this specimen, an im- 
probable situation at this late date, and the species appears to be restricted to 
the southern half of the State. 


Carex praticola Rydb. (Farwell 161414, in woods near Montreal River 
and Mt. Houghton, Copper Harbor, Keweenaw County, Aug. 22, 1898).— 
Two fruiting culms without roots; perigynia mature and falling. Primarily 
an arctic and far western species, the nearest known stations being North 
Dakota and an unconfirmed report from Parey Sound, Ont. Its occurrence 
at Mt. Houghton (which is actually at Béte Gris rather than Copper Harbor) 
is less improbable than most of the reports of other species here discussed, but 
the right of C. praticola to a place in the Michigan flora should rest upon a 
firmer basis than this. 

Carex bushii Mack. (Farwell 466 1/3, on dry hillsides, Cliff Mine, Kewee- 


naw Co., Aug. 30, 1886).—The nearest authenitic locality for this species is 
in southernmost Indiana. Throughout most of its range, C. bushii reaches the 
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semi-mature stage of this specimen in late April or early May. Even in the 
northern portion of its natural range its perigynia normally fall by the first 
week in June. If by any possibility the species were to be found in northern. 
most Michigan the stage of development represented by this specimen would 
not be expected later than mid-July. 


Carex torreyi Tuckerm. (Farwell 4661/2, on dry sterile hillsides near Chap- 
man’s Creek, Cliff Mine, Keweenaw Co., Aug. 30, 1886) .—-Over-ripe but still 
with many perigynia in place. In southern Minnesota, the nearest authentic 
station for this western species, C. torreyi fruits in May and early June; in 
North Dakota and Saskatchewan, at stations farther north than Keweenaw 
County, by mid-June. The fact that this northwestern sedge was originally 
mixed (both under the number 466) with the southeastern but closely related 
C. bushi (both belonging to the section Virescentes) in the Farwell collection, 
lends further support to the probability of the number bearing a mixed label, 
in this case probably representing sp<cimens received by Farwell in exchange 
which became accidentally mixed among his own collections. It is difficult to 
determine whether or not the fact that most of his anomalous records are repre- 
sented usually by only a culm or two, rather than by his generally more ample 
collections of other sedges, has any significance. 


Carex prairea Dewey (Farwell 984a, Cliff, Keweenaw Co., May 1908) .— 
Label overwritten: originally it read “4269 Tecoma, Macomb Co., 7-2-16.” 
The specimen is over-ripe, many scales and all but a few of the perigyzia having 
fallen. The date situation is here the reverse of the cases cited above. Carex 
prairea matures in southern Michigan principally in the second and third weeks 
of June. In Macomb County, where the species is frequent, th2 perigynia 
could ripen, in an exceptionally early season, by the last week in May, although 
the over-written date (July 2) would be much more probable for this stage of 
development even at this southern locality. If the species did occur as far 
north as Keweenaw County, although it is not otherwise known from the Upper 
Peninsula, it would not there be found in this condition before late July or 
August. 

Carex conoidea Schkuhr (Farwell 12407, Cedar Creek, Keweenaw Co., July 
3, 1940). —Two culms with ripe perigynia. Mixed with them is a single culm 
of C. tetanica. Carex conoidea is not otherwise known in the State except in 
the southeastern counties. 

Carex sprengelii Dewey (Farwell 1783, Cliff Mine, Keweenaw Co., Aug. 
1902).—A single culm in young fruit. Otherwise known in Michigan only 
from the region south of Saginaw Bay where it reaches this stage in late May 
and early to mid-June. 

Carex lenticularis Michx. (Farwell 4933, as C. haydenii, meadcw, Marl 
Lake [changed from “Orion”}, Oakland Co., June 9, 1918).—Scarcely a 
plausible locality for this northern species. 


Carex gynandra Schwein. (Farwell 569a, Randall swamp, Ypsilanti, Wash- 
tenaw Co., July 23, 1891).—A single culm in fruit. A highly questionable 
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station since the only other record for the Lower Peninsula is.in Cheboygan 
County. (The mysterious record for Lonicera involucrata from Washtenaw 
County [otherwise considered to be one of the relict species confined in Michi- 
gan to the Keweenaw Penirsula}, reported ia Billington’s Shrubs of Michigan, 
may well be found to have a similar basis.) 

In view of the rather obvious unreliability of the records cited above, which 
seem to require rejection on both geographical and phenological grounds, one 
is faced with the problem of deciding what proportion of other Farwellian 
records, for which clues to mixed labels are wanting, may be accepted. Since 
information upon the proportion of apparently dependable records in other 
groups of plants is not yet available it was decided to include here all of the 
sedge records that szem plausible and whenever a speices is accepted with any 
hesitancy to in<icate such uncertainty in the text. 


ADDITIONS 


As in the original paper oa Michigan Carices full citations of collections 
are given for only the rarer specics (generally those known from not more than 
four collections). For the commoner species only the new counties from which 
they are now known are mentioned, together with the collector and indication 
of herbaria where the substantiating specimens may be found. Abbreviations 
employed for these herbaria are as follows: 


A—Herbarium of Aquinas College, Grand Rapids, Mich. 

of Cranbrook Institute, Bloomfield Hills, Mich. 
H—Herbarium of F. J. Hermann, Beltsville, Md. 

Hn—Herbarium of C. R. and F. N. Hanes, Schoolcraft, Mich. 
M—Hlerbarium of the University of Michigan, Ann Arbor, Mich. 
NA—Hlerbarium of the U. S. National Arboretum, Beltsville, Md. 
NY—Herbarium of the New York Botanical Garden, New York, N. Y. 
US—U. S. National Herbarium, Washington, D. C. 


For convenience in cross-references the numbering of the species used in the 
systematic arrangement in The Genus Carex in Michigan is preserved in the 
following list, the position of interpolated sedges being indicated by fractions, 
in the case of species, or letters of the alphabet, in the case of subspecific cate- 
gories, added to the number of their respective nearest relative. 


The few changes in nomenclature have been indicated and th: fo!lowing 
revisions in the keys are offered to accommodate the additional species. 


Page 5, for “Perigynia scabrous . . . 35. Anomalae,” substitute: 
Perigynia granular-roughened or scabrous. 
Perigynia nearly beakless : 3414. PENDULINAE 
Perigynia strongly beaked 35. ANOMALAE, p. 52 
Page 9, for “10. C. gravida var. lunelliana,” sutstitute: 
Perigynia tapering into the beak, the teeth about 1 mm. long .. ...........9'/. C. gravida 
Perigynia abruptly beaked, the tee-h about 0.5 mm. long 
10. C. gravila var. lune'l na 
Page 22, after first lead in key insert: 
Beak of perigynium slender, terete, smooth and conspicuously white-hyaline at the 
i C. praticola (“Excluded species no. 6.”) 
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Beak of perigynium flattened, margined and serrulate to the tip. 
Page 55, for “137. C. lenticularis” in key following “Perigynia conspicuously few ribbed,” 


etc., substitute: 
Plants cespitose; leaves mostly exceeding the culms; green central portion of scales 
about as broad as the darker margins 137. C. lenticularis 


Plants strongly stoloniferous; leaves mostly shorter than the cul.ns; green midrib cf 
scales very slender 13714. C. ngra 

2. Carex sartwellii Dewey —OakLanb Co., O. A. Farwell (C). 

3. Carex foenea Willd. (C. siccata Dewey. Cf. Rhodora 40: 325-329. 1938. An 
unfortunate shift in names but apparently unavoidable if the type of Willdenow’s species 
was actually misidentified by early caricologists.)—Newaco Co., C. W. Bazuin (NA); 
INGHAM Co., C. F. Wheeler (M; NA); OaKLANnp Co., O. A. Farwell (C). 

4. Carex chordorrhiza L. £—ScHoor.craFt Co., Mrs. E. B. Beard (NA); Livine- 
ston Co., F. N. Hamerstrom (M). 

4\/. Carex retroflexa Muhl. (“Excluded species no. 1.”).—In lawn at Schoolcraft, 
KataMazoo Co., C. R. Hanes 436, July 9, 1943 (Hn; NA). Probably a waif intro- 
duced with lawnseed. 

5. Carex rosea Schkuhr.—An unpublished report of Farwell’s for HouGHToN Co. 
is based upon a misidentification of C. brunnescens. 

6. Carex convoluta Mack.—OtTrawa AND ALLEGAN Cos., C. W. Bazuin (NA); 
Wayne Co., O. A. Farwell (M). 

7. Carex cephalophora Dewey—OrTTAWA AND ALLEGAN Cos., C. W. Bazuin (NA). 

9. Carex muhlenbergii Schkuhr—OcEANA AND Ottawa Cos., C. W. Bazuin (NA). 

9a. Carex muhlenbergt var. enervis Boott.—LivinGston Co., L. Ludwig (M) and 
I. ]. Cantrall (M). 

9'/2. Carex gravida Bailey (“Excluded species no. 3.”).—Dry sandy hillside, Park- 
dale, OAKLAND Co., O. A. Farwell 3988, June 20, 1915 (C). 

14. Carex annectens Bickn—KENT Co., C. W. Bazuin (NA). 

14a. Carex annectens var. xanthocarpa (Bickn.) Wieg. (“Excluded species no. 4.”). 
~-Linden Park, Detroit, WayNE Co., O. A. Farwell 1670, June 16, 1900 (C); Sheldon, 
Wayne Co., O. A. Farwell 8953, July 21, 1931 (C); open field at Junior, OAKLAND 
Co., O. A. Farwell 5074, July 13, 1918 (C). 

15. Carex vulpinoidea Michx.—OckeaNa Co., C. W. Bazuin (NA); SHIAWASSEF 
Co., G. H. Hicks (M); Livincston Co., F. N. Hamerstrom (M). 

15a. Carex vulpinoidea var. pycnocephala Hermann.—ScHoo craFt Co., L. Ludwig 
{M). 

19. Carex stipata Muhl.—Detta Co., E. G. Voss (M); Mackinac Co., E. G. 
Voss (M; NA); SHtawasseE Co., G. H. Hicks (M). 

20. Carex laevivaginata (Kiikenth.) Mack.—Orrawa ano ALLEGAN Cos., C. W. 
Bazuin (NA). 

23. Carex disperma Cewey.—Crawrorp Co., G. H. Hicks (M); KENT Co., C. W. 
Bazuin (NA); Livincston Co., F. N. Hamerstrom (M). 

24. Carex trisperma Dewey.-Crawrorp Co., G. H. Hicks (M); St. JosEPH Co., 
C. F .Wheeler (M). 

25. Carex tenuiflora Wahl.—CrawForp Co., G. H. Hicks (M). 

26. Carex brunnescens (Pers.) Poir—ALLEGAN Co., C. W. Bazuin (NA). 

. 27b. Carex canescens var. subloliacea Laestad.—Livincston Co., F. N. Hamersirom 
(M). 

30. Carex exilis Dewey.—Osceola Swamp, HouGHton Co., O. A. Farwell 389, June 

20, 1886 (C). 
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31. Carex seorsa Howe.—In wooded swamp about 1/7 mile south of Vicksburg Paper 
Mill, C. R. Hanes (Hn). 

32. Carex interior Bailey —CrawForp Co., G. H. Hicks (M); Ionia Co., C. F. 
Wheeler (M). 

32a. Carex interior f. keweenawensis (Hermann) Fern. (Rhodora 44: 284. 1942).— 
If the subspecific epithet keweenawensis is to be applied to all plants “with inner face of tke 
perigynium nerved, not otherwise different from the commoner plant with nerveless inner 
faces,” as is done by Fernald (1. c.), the result is a truly sporadic distribution and formal 
rather than varietal designation is of course in order. 


34. Carex incomperta Bickn.—Livincston Co., F. N. Hamerstrom (M); OAKLAND 
Co., O. A. Farwell (C); Katamazoo Co., C. R. Hanes (Hn; NA). 


35. Carex sterilis Willd—CHARLEROIx Co., R. McVaugh (M; NA); Livincston 
Co., H. Hasselbring (NA). 


37. Carex laricina Mack.—KEWEENAW Co., O. A. Farwell (C), F. ]. Hermann (G; 
H: NY); Houcuton Co., F. ]. Hermann (H); Otrawa AND ALLEGAN Cos., C. W. 
Bazuin (NA). 

39. Carex bromoides Schkuhr.— A typographical error occurred under the account of 
this species in The Genus Carex in Michigan: the second and third lines from the -ottom 
on page 21 should be interchanged. 


Near Delaware Mine, KEwEENAW Co., O. A. Farwell 702, Sept. 20, 1888 (C). 
Since this is only the second occurrence known from north of the Grand River Valley, and 
since the propensity for mixed labels in the Farwell collections is especially marked cn the 
date cited, the record cannot be accepted without reservation. WayNe Co., O. A. Farw_ll 

40. Carex deweyana Schwein.—Baraca Co., N. C. Fassett (NA); SCHOOLCRAFT 
Co., L. Ludwig (M); CrawForp AND SHIAWASSEE Cos., G. H. Hicks (M); LAPEER 
Co., C. K. Dodge (NA). 

42. Carex scoparia Schkuhr.—Ionia Co., C. F. Wheeler (M); ALLEGAN Co., C. W. 
Bazuin (NA); Livincston Co., F. N. Hamerstrom (M). 

43. Carex bebbii Olney — ALLEGAN Co., C. W. Bazuin (NA). 

44. Carex tenera Dewey.—Oscopa Co., H. Hasseibring (NA). 

45. Carex normalis Mack.—INGHAM Co., T. G. Yuncker (US); Wayne Co., O. 
A. Farwell (C). 

46. Carex festucacea Schkuhr.—Rockwood, Wayne Co., O. A. Farwell 7931, June 8, 
1927 (M). 

48. Carex brevior (Dewey) Mack.—Ionia Co., C. F. Wheeler (M). 

49. Carex merritt-fernaldii Mack.—ScHootcraFt Co., E. G. Voss (M). 

50. Carex bicknellii Britt—Livincston Co., F. N. Hamerstrom (M). 

51. Carex suberecta (Olney) Britt—Kent Co., E. ]. Cole (A); Oaktanp Co., O. 
A. Farwell (M). 

52. Carex straminea Willd. (C. richii (Fern.) Mack. Cf. Rhodora 40: 329-330. 
1938. The name C. straminea has been applied to so many different species that it 
seemed preferable, in 1941, to reject it as a nomen confusum. For agreement with the 
treatment in the 8th edition of Gray’s Manual, however, it may now be more practicable 
to take it up in its most recent application.).—Low mucky shore of Little Bostwick lake, 
Kent Co., C. W. Bazuin 1298, June 24, 1940 (NA); marsh V4 mile east of depot, 
Vicksburg, KaLaMAzoo Co., F. W. Rapp 6176, June 3, 1942 (NA). 


54. Carex longii Mack.—Low oak woods along M-50, just west of Pottawattomie 
Bayou junction, Ortawa Co., C. W. Bazwin 1611, July 12, 1940, and along M-16, two 
miles east of Fruitport, Orrawa Co., C. W. Bazuin 3233, July 11, 1941 (NA). 


AND 
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56. Carex alata T. et G—OcEANA AND ALLEGAN Cos., C. W. Bazuin (NA); 
Jackson Co., G. H. Hicks (M). 

57. Carex tribuloides Wahl—KeENT AND Ionia Cos., C. W. Bazuin (NA); Jacx- 
son Co., G .H. Hicks (M). 

58. Carex projecta Mack.—Cuippewa Co., H. Hasselbring (NA); Newayco, 
Jona, KENT, OTTAWA AND ALLEGAN Cos., C. W. Bazuin (NA). 

59. Carex cristatella Britt.—ScHOOLcRAFT Co., L. Ludwig (M); SHIAWASSEE Co., 
G. H. Hicks (M); ALLEGAN Co., C. W. Bazuin (NA). 

61. Carex adusta Boott.—Dry sterile hills, near Bodie’s Creek, KEwnENAW Co., O. 
A. Farwell 762, July 18, 1890 (C); vicinity of Rice Lake, HouGHTon Co., O. A. 
Farwell 12978, July 2, 1942 (C). 

63. Carex argyrantha Tuckerm. (C. foena of authors, not Wailld.).—CrawForp Co., 
C V. Piper (US); Muskecon, Ottawa AND ALLEGAN Cos., C. W. Bazuin (NA); 
KaLaMazoo Co., F. W. Rapp (NA). The statement under this species in Mr. Hanes’ 
Additions to the Flora of Kalamazoo County (Papers Mich. Acad. Sci. 34: 10. 1948) 
that “Previous to this collection . . . the most southerly report for this sedge in Michigan 
was Arenac County . . .” should read rather “Allegan County” (reported by C. W. 
Bazuin, Papers Mich. Acad. Sci. 32: 8. 1946). 

65. Carex leptalea Wahl.—Crawrorp Co., G. H. Hicks (M); Livincston Co., 
F. N. Hamerstrom (M). 

65a. Carex leptalea var. harperi (Fern.) Stone.—Shore of Lake Michigan, Little 
Traverse Twp., Emmet Co., E. G. Voss 612, June 30, 1949 (M); Marl Lake, OaKLanpD 
Co., O. A. Farwell 4929, June 9, 1918 (C); Washington, Macoms Co., O. A. Farwell 
5896, June 21, 1921 (C). 

66. Carex jamesii Schwein —KENT AND ALLEGAN Cos., C. W. Bazuin (NA). 

68. Carex peckii Howe—EMMET AND Cos., Sr. M. Marceline Horton 
(A). 

69. Carex artitecta Mack.—ALLEGAN Co., C. W. Bazuin (NA). 

70. Carex emmonsii Dewey.—ALLEGAN Co., C. W. Bazuin (NA); WAYNE AND 
Monroe Cos., O. A. Farwell (C). 

71. Carex communis Bailey—OcEANA AND ALLEGAN Cos., C. W. Bazuin (NA); 
Wayne Co., O. A. Farwell (M). 

72. Carex pensylyanica Lam.—CrawForp Co., G. H. Hicks (M); Oceana Co., 
C. W. Bazuin (NA). 

73. Carex lucorum Willd. (C. pensylvanica var. distans Peck).—Dune woods, Duck 
Lake, MuskeGon Co., C. W. Bazuin 3174, July 7, 1941 (NA); dune woods, near Port 
Sheldon, Orrawa Co., C. W. Bazuin 1541, July 2, 1940 (NA); Eloise, Wayne Co., 
O. A. Farwell 7361, May 20, 1925 (C). 


74. Carex deflexa Hornem.—The opinion was expressed, in Mr. Farwell’s unpub. 
lished manuscript referred to above, that C. deflexa var. deanei Bailey (cited as a syno- 
nym of C. deflexa in The Genus Carex in Michigan) is “amply distinct as a variety” and 
it was there keyed out as follows: 


Culms much shorter than the leaves and strongly curved 20.02......-...cecececeseseeeee- C. deflexa 

Culms straight and slightly shorter than to exceeding the leaves ....C. deflexa var. deanei 
It was found, however, that these characters do not at all correlate. Thus, Farwell’s 12989, 
referred by him to var. deanei, has strongly curved culms for the most part slightly shorter 
than the leaves; Plantae Exsiccatae Grayanae 78 has straightish culms exceeding the leave:; 
and Hermann 7630 has straight culms much shorter than the leaves. 

75. Carex rossit Boott.—It was also the opinion of Mr. Farwell that Carex farw_llii 
(Britt.) Mack. (C. deflexa var. media Bailey and C. deflexa var. farwellii Britt.) was 
unjustifiably treated as a synonym of C. rossii in The Genus Carex in Michigan. Under 
C. farwellit he observed: “If C. lucorum and C. abdita are to be construed as distinct from 
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C. pensylvanica and C. umbellata respectively, then there is no excuse for reducing this to 
C. rossi as the distinctions are strictly parallel.” Professor Bailey described his C. deflexa 
var. media (the basis of C. farwellii) as having the “perigynium much as in short-beaked 
forms of C. umbellata” (Mem. Torr. Bot. Club 1: 43. 1889). The five collections of 
“C. farwellii” in the Cranbrook Institute Herkarium, collected by Farwell at Clifton, Kewee- 
naw County, were recently reviewed and all found to have long perigynium beaks (1- 
1.5 mm.). 

76. Carex umbellata Schkuhr (C. abdita Bickn.).—Sandy ridges of Huron River, 
Ypsilanti, WASHTENAW Co., O. A. Farwell 4831, May 19, 1918 (C). 

77. Carex rugosperma Mack. (C. umbellata of recent authors, not Schkuhr).— 
ScHootcratT Co., L. Ludwig (M); Orrawa anv Kent Cos., C. W. Bazuin (NA); 
Oaxkcanp Co., O. A. Farwell (C). 

78. Carex tonsa (Fern.) Bickn—MANISTEE, OCEANA AND KENT Cos., C. W. 
Bazuin (NA). 

79. Carex scrpoidea Michx.—Rocky shore of Lake Superior near Eagle River, Ke- 
WEENAW Co., O. A. Farwell 796, Aug. 18, 1890 (C). 

80. Carex pedunculata Muhl—Hovucuton Co., O. A. Farwell (C); ALLEGAN Co., 
C. W. Bazuin (NA). 

81. Carex concinna R. Br.—Sides of steep, heavily wooded dune hills near Lake Maca- 
tawa on OiTAWA-ALLEGAN Co. line, C. W. Bazuin 4928, July 14, 1942 (NA). 

83. Carex hirtifolia Mack.—SniawassEE Co., G. H. Hicks (M); Ionia Co., C. F. 
Wheeler (M); ALLEGAN Co., C. W. Bazuin (NA). 

84. Carex eburnea Boott.—Ortawa Co., C. W. Bazuin (NA). 

86. Carex aurea Nutt.—Oceana Co., C. W. Bazuin (NA). In the lead distinguish- 
ing C. garberi from this species in the key to section Bicolores (p. 37), characterization of 
the terminal spike as “rarely acuminate” is a misprint for “rarely stam‘na:e.” 

88. Carex tetanica Schkuhr.—OakKLAND AND Wayne Cos., O. A. Farwell (C). 

89. Carex meadii Dewey.—Ionia Co., C. F. Wheeler (M); Livincston Co., L. 
Ludwig (M); OakLanp Co., O. A. Farwell (C). 

90. Carex woodii Dewey.—Ionia Co., C. F. Wheeler (M); SHIAwAsszE Co., G. H. 
Hicks (M); OAKLAND Co., O. A. Farwell (C). 

92. Carex plantaginea Lam.—SHIawassEE Co., G. H. Hicks (M); Macoms Co., 
O. A. Farwell (C). 

95. Carex digitalis Willd—OckEaNa Co., C. W. Bazuin (NA). 

96. Carex laxiculmis Schwein—Ionta Co., C. F. Wheeler (M); Wayne Co., O. A. 
Farwell (C; M); MonroE Co., O. A. Farwell (C). 

96a. Carex laxiculmis var. copulata (Railey) Fern— Ionita Co., C. F. Wheeler 
(M); SHrawasseE Co., G. H. Hicks (M); Wayne Co., O. A. Farwell (C). 

97. Carex ormostachya Wieg—OcEANA Co., C. W. Bazuin (NA). 

98. Carex laxiflora Lam.—Httspate Co., L. Ludwig (M). 

99. Carex leptonervia Fern—EmMMeEtT Co., Sr. M. Marceline Horton (A), R. M-- 
baugh (M); Kent Co.,'C. W. Bazuin (NA); St. Crair Co., O. A. Farwell (C). 

100. Carex albursina Sheldon.—SnHiawassEE Co., G. H. Hicks (M); Ionta Co., 
C. F. Wheeler (M); ALLEGAN Co., C. W. Bazuin (NA). 

101. Carex blanda Dewey.—GENEsSEE Co., H. Hasselbring (NA); Ionia Co., C. 
F. Wheeler (M); ALLEGAN Co., C. W. Bazuin (NA). 

102. Carex gracilescens Steud.—OakLanp Co., H. Hasselbring (NA). 

103. Carex haleana Olney— Wayne Co., O. A. Farwell (M). 

104. Carex granularis Muhl—ALLeGAN Co., C. W. Bazuin (NA); Macoms Co., 
O. A. Farwell (C). 


1951 HERMANN: CAREX IN MICHIGAN 491 


105. Carex crawei Dewey.—ALLEGAN Co., C. W. Bazuin (NA); Wayne Co., O. 
A. Farwell (C). 

106. Carex oligocarpa Schkuhr.—WayneE Co., O. A. Farwell (C). 

107. Carex hitchcockiana Dewey OAKLAND AND Wayne Cos., O. A. Farwell (C). 

109. Carex amphibola Steud. var. turgida Fern. (C. grisea of authors, not Wahl.)— 
Genesse Co., H. Hasselbring (NA); Eaton Co., O. A. Farwell (M). 

110. Carex gracillima Schwein.—Ionia Co., C. F. Wheeler (M); OakLanp Co., H. 
Hasselbring (NA). 

lil. Carex prasina Wahl.—Ionia Co., C. F. Wheeler (M); Oaktanp Co., O. A. 
Farwell (C); KaLtamazoo Co., F. W. Rapp (NA); Wayne Co., O. A. Farwell (M). 

112. Carex formosa Dewey WAYNE AND Monroe Cos., O. A. Far- 
well (C); KALaMAzoo Co., C. R. Hanes (Hn; NA). 

113. Carex davisii Schwein. et Torr.—Indian mounds on Grand River, near Grand 
Rapids sewage disposal plant, KENT Co., E. J. Cole (A); flood plain, Warren Woods, 
BcrriEN Co., C. Billington, July 29, 1919 (C). 

114. Carex castanea Wahl.—HoucGuTon Co., O. A. Farwell (C). 

116. Carex debilis var. rudgei Bailey Co., Sr. M. Marce'ine Ho:ton (A); 
Orrawa Co., C. W. Bazuin (NA); Wayne Co., O. A. Farwell (C). 

117. Carex arctata Boott—OcEANA Co., C. W. Bazuin (NA); Wayne Co., O. A. 
Farwell (M). 

119. Carex sprengelii Dewey.-—-Ion1a Co., C. F. Wheeler (M); Wayne Co., O. A. 
Farwell (M). 

120. Carex viridula Michx.—Bay Co., H. Hasselbring (NA); OAKLAND Co, G. H. 
Hicks (M); Berrien Co., C. F. Wheeler (M). 

1202. Carex viridula £. intermedia (Dudley) Hermann.—Oceana Co., C. W. Bazuin 
(NA). 

121. Carex cryttolepis Mack. (C. flava var. fertilis Peck)—ALLEGAN Co., C. W. 
Bazuin (NA). 

122. Carex flava L_—CrawrForp Co., G. H. Hicks (M). 

123. Carex pallescens L. is var. neogaea Fern. 

124. Carex swanii (Fern.) Mack.—ALteGan Co., C. W. Bazuin (NA). 

125. Carex virescens Muhl.—Detroit, WayNE Co., O. A. Farwe!l 192214 (C). 

128. Carex lanuginosa Michx.—Kent Co., Sr. M. Marceline Horton (NA); At- 
LEGAN Co., C. W. Bazuin (NA); Livincston Co., L. Ludwig (M), F. N. Hame.- 
strom (M). 

129. Carex lasiocarpa Ehrh., var. americana Fern.—Livincston Co., F. N. Hamer- 
strom (M). 

13014. Carex flacca Schreb. (Section 34!/2. Pendulinae).—Shores of Belle Isle, De 
troit River, WayNeE Co., O. A. Farwell 1509 (as C. glauca Scop.), June 15, 1896 (C). 
Doubtless a waif. Naturalized from Europe in N. S., Que. and Ont. 

131. Carex scabrata Schwein. —KENT Co., C. W. Bazuin (NA); Wayne Co, O. A. 
Farwell (M). 


Section 36. Limosae.—The key to this section (page 53) should be augmented as fol 
lows. To the lead for C. limosa add: “staminate spike 15-17 mm. (average 22 mm.) 
long.” To the lead for C. paupercula add: “staminate spi'e 4-12 mm. (a erage 8 mm.) 
long.” The two species are most readily distinguished by this character. 

134. Carex angarae Steud. becomes C. media R. Br. (Rhodora 44: 303. 1942.) 

136. Carex buxbaumiti Wahl.—Sacinaw Co., H. Hasselbring (NA); ALLEGAN Co., 
C. W. Bazuin (NA); Wayne Co., O. A. Farwell (C). 

137. Carex lenticularis Michx. (Including var. blakei Dewey).—HoucGutTon Co., O. 
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A. Farwell (C); along Plaster Creek, Paris Twp., KENT Co., E. J. Cole (A). The state- 
ment “only record for Michigan” in Mr. Bazuin’s paper (Papers Mich. Acad. Sci. 32: 9. 
1946) should read “only record for southern Michigan.” 

1371/7. Carex nigra Reichard.—Along shore of Belle Isle Park, Detroit, Wayne Co., 
O. A. Farwell 1820a (as C. acuta and C. goodenowii), July 12, 1904 (C). Doubtless a 
waif. Greenl. and Lab. s. to Nfld., Que., N. S., Me., Mass. and R. I. 

141. Carex emoryi Dewey.—CRAWwFORD Co., C. V. Piper (US); OCEANA AND KENT 
Cos., C. W. Bazuin (NA). 

142a. Carex stricta var. strictior (Dewey) Carey—HouGHTon Co., O. A. Farwell 
(C); Ionia Co., C. F. Wheeler (M). 

144. Carex crinita Lam.—KEWEENAW AND HouGuTon Cos., O. A. Farwell (C); 
ALLEGAN Co., 'C. W. Bazuin (NA). 

145. Carex pauciflora Lightf—Newaco Co., C. W. Bazuin (NA). 

146. Carex michauxiana Bock.—HouGutTon Co., O. A. Farwell (C). 

147. Carex folliculata L—Kent Co., C. W. Bazuin (NA). 

149. Carex hystricina Muhl.—ScHooLcraFT AND CHARLEVOIx Cos., E. G. Voss 
(M); CrawForpD AND OaKLAnD Cos., G. H. Hicks (M); Oceana Co., C. W. Bazuin 
(NA). 

150. Curex comosa Boott.—CrawrForp Co., G. H. Hicks (M); Livincston Co, 
F. N. Hamerstrom (M). 

151. Carex pseudo-cyperus L—ScHoorcraFt Co., L. Ludwig (M). 

152. Carex lacustris Willd—Livincston Co., I. ]. Cantrall (M), F. N. Hamer- 
strom (M). 

156. Carex trichocarpa Muhl.—Crooked Lake, Kent Co., Sr. M. Marceline Horton 
June 6, 1939 (A). 

159. Carex squarrosa L—Monrok Co., O. A. Farwell (C). 

161. Carex rostrata Stokes—Oscopa Co., H. Hasselbring (NA); CrawFrorp Co., 
G. H. Hicks (M); Livincston Co., I. ]. Cantrall (M). 

162. Carex retrorsa Schwein.—LivinGston Co., F. N. Hamerstrom (M). 

164. Carex oligosperma Michx.—Mackinac Co., G. H. Hicks (M); Livincston 
Co., F. N. Hamerstrom (M). 

165. Carex lurida Wahl.—Ionia Co., C. F. Wheeler (M); ALLEGAN Co., C. W. 
Bazuin (NA). 

166. Carex grayit Carey.—SHIAWASSEE Co., G. H. Hicks (M). 

166a. Carex grayti var. hispidula Gray.—The form with hispidulous perigynia is evi- 
dently more southern and deserving of varietal designation. KENT Co., C. W. Bazuin 
1277 (NA); Katamazoo Co., C. R. Hanes (Hn); Monroe Co., O. A. Farwell (C). 

167a. Carex intumescens var. fernaldii Bailey —SH:awassEE Co., G. H. Hicks (M); 
ALLEGAN Co., C. W. Bazuin (NA). 

168. Carex lupulina Muhl.—SH1awasseeE Co., G. H. Hicks (M); Iona AND AL- 
LEGAN Cos., C. W. Bazuin (NA). 

169. Carex lupuliformis Sartwell.—South edge of woods, growing with Cephalanthus, 
Carex lupulina, C. tuckermani, and C. alata, 6 miles east of Vicksburg, KALAMAZOO Co., 
F. W. Rapp 6915 & 6917, Aug. 26 & 31, 1950 (NA). 
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Studies in the Caryophyllaceae — V. 


Arenaria in America North of Mexico 
A Conspectus 


Bassett Maguire 
The New York Botanical Garden, New York, N. Y. 


For several years intermittent study has been given to certain genera in 
the Caryophyllaceae resulting in miscellaneous publications in Silene, Arena- 
ria, and Lychnis. Since it now seems that these studies will be interrupted for 
for an indefinite time, it is desirable that further accumulated notes be made 
a matter of record. In Arenaria they take the form of the following conspec- 
tus of the genus as it occurs in North America, north of Mexico. 


No attempt is made here to give final evaluation or judgment to the 
problems of subgeneric relationships, or indeed detailed justification for the 
inclusion of sections like Moehringia or Alsine within the genus Arenaria. 
The presence of a strophiole does not of itself seem to me to warrant the 
exclusion of A. lateriflora, especially when the same structure may be pres- 
ent in A. physodes. Neither does the 6 or 3 toothed capsular dehiscence that 
has traditionally been the principal character upon which Arenaria and 
Alsine (Minuartia) have been separated, seem to me to have overriding sig- 
nificence. Surely Arenaria benthamii with its 6 toothed capsule is more close- 
ly related to the habitally similar A. californica, A. brevifolia, and their 
immediate relatives with 3 valved capsules, than to the members of the sec- 
tion Eremogone, all typically euarenacious. And surely likewise, A. lanuginosa, 
with its lax habit, 6 toothed capsule, and shiny smooth seed is more closely 
related to A. paludicola with its lax habit and similar shiny smooth seed, but 
with a 3 valved capsule, then to the totally dissimilar annual A. serpyllifolia 
with a 6 toothed capsule. 


Interspecific relationships and specific delimitations particularly of boreal 
or arctic populations are often obscure. No less complex are problems of 
nomenclature, particularly again as applied to the broadly circumpolar 
species. Neither are intra-specific relationship satisfactorily elucidated in many 
of the more polymorphic and genetically complex species. 


Certainly it may be assumed that little genuine progress in the future 
will be made to an understanding of arctic and boreal Arenaria (indeed, in 
much of the Caryophyllaceae in general) until the problem is approached as a 
completely circumpolar one. It may also be properly assumed that a genus 
in which populations of broad polymorphy and abundant intermediacy are 
th: rule, cytological, ecological, and genetical evidence would profitably be 
made adjunct to morphologic-geographical studies. It seems to me in deal- 
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ing with the plastic and obviously strongly differentiating caryophyll popula- 
tions, until substantiated by full taxo-biological data, one must employ a 


strongly conservative point of view. I have here attempted to do so. 


Key TO THE SPECIES OF ARENARIA 


A. Capsules dehiscent by 6 teeth. 


I. Annuals, erect, slender, branching. (Sect. Euthalia Fenzl) 
1. Sepals acuminate, 3-5 nerved, puberulent; leaves ovate, 3-5 mm. long; stems 


1. Sepals merely acute, 1 nerved, glabrous; leaves elliptic-oblanceolate, 8-16 mm. 
long; stems glabrous or puberulent 2. A. benthamii 


I. Perennials. 
1. Leaves broad, ovate or obovate to lanceolate or oblanceolate. 

2. Non-rhizome producing, matted, cespitose, or pulvinate plants from a defi- 

nite taproot. 
3. Weakly perennial, cespitose or pulvinate; stems usually less than 10 cm. 

high; boreal. 
4. Petals present; disc glands entire, inconspicuous; seed numerous, less 
than 1 mm. broad. 

5. Petals narrowly oblong, equalling or shorter than the sepals; seed 
0.6-0.7 mm. broad, reddish, most inconspicuously papillate; leaves 
inconspicuously nerved, non-ciliate -................-..-.-1---+-+ 4. A. humifusa 

5. Petals broadly ovate to obovate, exceeding the sepals; seed 0.7-0.9 
mm. broad, black, conspicuously rugose-papillate; leaves conspicu- 
ously nerved, usually ciliate, at least toward the base ........ 3. A. ciliata 

4. Petals lacking; disc glands bilobed, conspicuous; a single reddish ob- 
scurely papillate seed maturing, 1.2-1.4 mm. broad ....5. A. chamissonis 

3. Strongly perennial, frequently with a subligneous taproot, stem usually 

much exceeding 10 cm. in height; seed essentially smooth, shining, 


black; austral. (Sect. Leiosperma Williams) ..................------- 6. lanuginosa 
2. Rhizomes horizontal, slender, extensively produced; aerial stems simple 
branched, not matted, cespitose, pulvinate, or arising from « distinct tap- 
root. 


6. Capsule 5 mm. or less long, not inflated; seed more or less conspicuously 
strophiolate. (Sect. Moehringia Benth. & Hook.) 


7. Sepals obtuse or acute, shorter than the petals; leaves ovate to elliptic- 


7. Sepals acuminate, exceeding the petals; leaves lanceolate, usually acute 


6. Capsule 8-12 mm. or less long, inflated; seed not at all or inconspicuously 


strophiolate. (Sect. Merckia Benth. & Hook.) ..0.0..00..0.0.2.2--- 22. physodes 


1. Leaves narrowly linear and more or less pungent, setaceous, or subulate. (Sect. 
Pentadenaria Williams) 
8. Sepals obtuse, or merely acutish or apiculate. 
9. Inflorescence open (at least at full maturity), more or less dichotomous. 
10. Leaves recurved or flexuous, mostly (except in alpine forms) more 
than 2 cm. long; stems frequently leafy; seed 2.0-2.5 mm. long 
10. Leaves aculeate or ascending, pungent, or fleshy, essentially basal, 
mostly 2 cm. or less long; seed 2.5-3.0 mm. long. 
11, Leaves stiffly pungent; plants characteristically glaucous and matted 
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11. Leaves more or less fleshy or not stiffy pungent; plants usually 
neither glaucous nor matted. 


12. Leaves strictly ascending; sepals 3-4 mm. long; capsules 4.5- 


12. Leaves aculeate or recurved. 


13. Leaves aculeate, 1-2 cm. long; sepals 4-5 mm. long; cap- 


13. Leaves more or less recurved, 0.5-1.0 (1.5) cm. long; 
sepals 3.0-4.5 mm. long; capsules 3-5 mm. long ...........- 
A. ursina 


9. Inflorescence congested, subcongested, or umbellate ...............- 12. A. congesta 
8. Sepals acute to acuminate. 
14. Inflorescence open (at least at full maturity), more or less dichotomous. 


15. Sepals narrowly acute to acuminate. 
16. Petals broadly oblong-elliptic to oblanceolate, entire, retuse or 
somewhat erose; glands obvious or conspicuous; plants of the 
Rocky Mountains and Colorado Plateau. 


17. Stems glandular-puberulent, with 5 or more pairs of leaves; 
glands oval-oblong, ca. 0.5 mm. long; plants of the south- 
ern Rocky Mountains and high Colorado Plateau .............. 


17. Stems glabrous or glandular, leaves essentially basal; glands 
oblong-truncate, 1-2 mm. long; plants of desert regions, 


16. Petals linear, emarginate, glands minute or obsolete; plants of the 


15. Sepals broadly acute. 


18. Stems mostly 2-4 dm. tall and woody at the base; sepals 4.5-6.0 
(6.6) mm. long; petals entire, erose, or retuse; glands 1-2 mm. 
long; plants of the Mohave Desert and lower Great Basin 


18. Stems mostly 2 dm. or less tall and not woody at the base; sepals 
3.6-4.5 (6.0) mm. long; petals entire, erose, retuse, or cleft 
nearly to base; glands ca. 0.5 mm. long; plants of the Great 


14. Inflorescence congested, subcongested, or proliferated. 


19 mepals 3-5 (6) mim. long, acute 12. A. congesta 
19. Sepals (5.5) 6-15 mm. long, acuminate. 
20. Stems leafy, glabrous; sepals 8.5-15.0 mm. long (5-6 mm. long 
in var. thompsoni); dry slopes and plains of eastern Oregon 
20. Stems not leafy, scabrid-puberulent; sepals 5.5-8.0 mm. long; 


plains, and barren slopes and ridges, mostly east of the Conti- 
nental Divide; Elko County, Nevada ....................-- 19. A. hookeri 


A. Capsule dehiscent by 3 teeth. (Sect. Alsine Benth. & Hook.) 
II. Annuals. 
1. Sepals obtuse or merely acutish. 
2.Seed 1-2 mm. broad, reniform-orbicular, low, tesselate-tuberc.late, com- 


pressed; puberulent plants of the Pacific States. 


3. Sepals 4.0-4.5 mm. long; leaves strongly 3-nerved ............-. 23. A. douglassii 
3. Sepals 2.5-3.0 mm. long; leaves faintly 1-3 nerved ................ 24. A. howellii 
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2. Seed less than 1 mm. broad; plants totally glabro-:s. 
4. Sepals 3-5 mm. long. 


5. Seed 0.5-0.6 mm. broad, conspicuously rostrate, gibkous at one end, 
minutely beset with light colored papillate hairs; sepals 3-4 mm. 
long mostly lanceolate, obtuse or acutish, 3 nerved; petals 4-6 mm. 
long; slender openly branched, 10-15 cm. high, with leaves 10 mm. 
or less long; southern Oregon to central California ....28. A. californica 


5. Seed 0.7-0.8 mm. long, obovate to subreniform, reddish brown, most 
inconspicuously low-tuberculate; sepals 3-5 mm. long, oblong to 
oblong-obovate, broadly obtuse to acutish, faintly 1-5 nerved; petals 
5-10 mm. long; stems simple to branched and mat-forming, leaves 
5-20 mm. long; sometimes perennial; eastern North America .......... 


4. Sepals 2.0-2.5 mm. long; petals 3-6 mm. long; seed 0.3-0.5 mm. long, 
globose-obovate, obscurely angled, pale orange, shiny, minutely papil- 
late; leaves mostly basal; delicate annual of Southeastern States .......... 


1. Sepals acuminate or strongly acute. 
6. Simple or branched, slender, neither cespitose nor matted, plants of lower 
elevations. 

7. Primary leaves subtending axillary fascicles of secondary leaves; sepals 
3.0-3.6 mm. long, 3 nerved; seed 1.2-1.5 mm. broad, reniform, low 
tesselate-tuberculate 36. A stricta (subsp. tenella) 

7. Primary leaves without subtended fascicles of secondary leaves. 

8. Plants diminutive and very delicate, 2-5 (8) cm. high; sepals 2.5 mm. 
long, 1 nerved; seed 0.5-0.7 mm. broad, subreniform, rostrate, pale 
reddish brown, essentially smooth ......... 29. A. pusilla 

8. Plants usually exceeding 5 cm. high, not delicately diminutive. 


9. Seed exceeding 1 mm. broad, suborbicular, much compressed; plants 
of the Pacific States. 
10. Sepals 4.0-4.5 mm. long; leaves strongly 3 nerved ....23. A. douglasii 
10. Sepals 2.5-3.0 mm. long; leaves faintly 3 nerved ...... 24. A. howelii 
9. Seed less than 1 mm. broad, reniform, plump; plants of the South- 
central and Southeastern States. 
11. Seed low tesselate-tuberculate; cauline leaves 1-2 cm. long, com- 
monly 0.5-1.0 mm. wide; capsules equal to or shorter than the 
11. Seed finely muriculate; cauline leaves 2-3 cm. long, commonly 
1-2 mm. wide; capsules exceeding the sepals ...... 26. A. muriculata 
6. Cespitose or spreading plants 2-5 (10) cm. high; plants of toreal or arctic 
America, or higher western mountains. 

12. Sepals 1 nerved; leaves 1 nerved; inflorescence 1 flowered; seed 0.5-0.7 
mm. long, oblong, reddish brown, essentially smooth; plants totally 

12. Sepals 3 nerved; inflorescence several-flowered; seed reniform, tubercu- 
late. 

13. Leaves 3 nerved; plants strongly puberulent, seldom glabrous; seed 
13. Leaves 1 nerved; plants wholly glabrous; seed 0.7-1.0 mm. broad 
II. Perennial. 
1. Sepals broadly obtuse. 


2. Leaves linear, plane. 


496 eee 46 (2) 

| 


m. 
fornica 


ost 

to 
als 
ves 


andica 
1g, 


niflora 


als 
Ow 
nella) 


m. 
ale 
pusilla 


its 


uglasii 
owelii 


m- 
he 
patula 


ily 
culata 


tic 


).7 


ly 
rossil 


ed 
ubella 


ad 


iorum 


MAGulIRE: STUDIES IN THE CARYOPHYLLACEAE—V 497 


3. Leaves 1 nerved, non-ciliate sometimes somewhat fleshy; delicate peren- 
nials or annuals of eastern North America from Greenland to South 

3. Leaves 3 nerved, conspicuously ciliate, 5-10 mm. long; sepals 5-7 mm. 
long, 3-5 nerved; petals conspicuously exceeding the sepals; capsule 10- 

16 mm. long, linear-conic; seed 1.0-1.5 mm. broad, subreniform, more 

or less conspicuously rostrate, tesselate-tuterculate, dark brown, with a 

conspicuous dorsal fringe of hair-like papillae about 0.5 mm. long; 

2. Leaves rigid, linear-subulate, triquetrous; plants obviously perennial. 

4. Leaves abruptly acute or obtuse. 

5. Petals oblong, narrow, little or not at all exceeding the sepals; sepals 
3-4 mm. long; capsule + the length of the sepals; seed 0.5-0.6 mm. 
broad, smooth or imperceptibly sculptured, reddish ...... 32. A. sajanensis 

5. Petals obovate, usually well surpassing the sepals; seed more evidently 
sculptured. 

6. Flowering stems 10 cm. or less high; boreal or western. 
7. Sepals 5-8 mm. long; petals 7-10 mm. long; capsule (6) 8-10 
mm. long; seed 0.8-1.2 mm. broad, dorsal tubercles prominent; 
7. Sepals 3-5 mm. long; petals mostly 4-8 mm. long; capsules 4-5 
mm. long; seed 0.6-0.8 mm. long, very indistinctly papillate- 
tuberculate or nearly smooth; Alaska to Que., N. M., and 


6. Flowering stems 10-30 cm. high; caudex much branched, woody; 


1. Sepals acuminate, acute, or acutish. 


8. Leaves remote, linear-lanceolate, 1.5-4.0 cm. long, 2-6 mm. wide; stems 
simple or little branched, weak, flaccid, rooting at the nodes: sepals 3-4 
mm. long, broadly lanceolate, acute; petals exceeding the sepals; seed 0.7- 
0.8 mm. broad, reniform, dorsally keeled, reddish-black, smooth, shiny; 
glabrous palustrine plants of Pacific Coast region ................ 36. A. paludicola 

8. Leaves imbricate or the internodes short, narrowly linear or subulate, less 
than 2 cm. long; not palustrine. 


9. Secondary leaves fascicled in the axils of the primary; stems 10-30 cm. 
high; primary leaves 1-2 cm. long, subulate-setaceous; sepals 3.5-5.0 
(6.5) mm. long; 3 nerved, rarely 1 nerved; petals 5-8 mm. long; seed 
0.8-1.5 mm. broad, reniform, low tesselate-tuberculate .......... 37. A. stricta 

9. Primary leaves only present. 

10. Weakly cespitose or spreading perennial plants 2-5 (10) cm. high; 
of the higher western mountains or boreal America. 


11. Sepals 1 nerved; leaves 1 nerved; inflorescence 1-flowered; seed 
0.5-0.7 mm. long, oblong, reddish brown, essentiall,; smooth; 


11. Sepals 3 mnerved; inflorescence several-flowered; seed reniform, 
tuberculate. 
12. Leaves 3 nerved; plants strongly puberulent, seldom glabro::s; 
12. Leaves 1 nerved; plants wholly glabrous; seed 0.7-1.0 mm. 


10. Cespitose or mat-forming plants from a more or less heavy taproot 
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and ligneus caudex, the entire plant glandular-puberulent; leaves 5- 
10 mm. long, 3 nerved; seed 1.0-1.3 mm. broad, reniform, brown- 
black, tesselate-tuberculate; mountains of the western United States 


Section EUTHALIA Fenzl 
1. ARENARIA SERPYLLIFOLIA L. Sp. Pl. 423. 1753 


A native of Eurasia, widely distributed as a weed in sandy and stony places, essentially 
throughout temperate North America. 


ARENARIA SERPYLLIFOLIA var. TENUIOR Mert. & Koch. Deutschl. Fl. 3: 266. 1831 
Arenaria leptoclados (Reichenb.) Guss. Fl. Sic. Syn. 2: 824. 1943. 
With more slender, narrower leaves and smaller flowers. Possibly specifically distinct 
from the preceding. Likewise a native of Eurasia; rather sparingly adventive in the north- 
central states. 


2. ARENARIA BENTHAMII Fenzl ex Torr. & Gray. Fl. N. Am. 1: 675. 1840 
Weedy annual, stony soil. Texas to New Mexico. 


3. ARENARIA CILIATA L. subsp. PSEUDOFRIGIDA Ostenf. & Dahl. 
Nyt. Mag. Naturv. 55: 217. 1918 
Artcic Europe, Spitzbergen, and East Greenland. 


4. ARENARIA HUMIFUSA Wahlenb. (emend. Nordhagen ) 
Bergens Mus. Aarb. Naturv. Rek. 24. 1935 
A. humifusa Wahlenb. Fl. Lapp. 129. 1812. A. cylindrocarpa Fern. Rhodora 16: 
43. 1914. 
Arctic Scandinavia, Spitzbergen, Greealand, Arctic America, Alaska, Newfoundland, 
Labrador, Gaspé, and acc. Nordhagen, British Columbia and Alberta. 


5. Arenaria chamissonis Maguire, nom. nov. 
Cherleria dicranoides Cham. [8 Schlecht.}] Linnaea 1: 63. 1826. Stellaria dicranoides 
Fenzl ex Ledeb. Fl. Ross 1: 395. 1842. Arenaria dicranoides (Cham. & Schlecht.) Hult. 
Fl. Alaska & Yukon 4: 688. 1944, non A. dicranoides H.B.K. Nov. Gen. et Sp. 6: 


34. 1823. 
Arctic Asia, St. Lawrence Bay, Bering Strait Region, Alaska. 


Section LerosPpERMA Williams 
6. ARENARIA LANUGINOSA (Michx.) Rohrb. Fl. Bras. 14: 274. 1872 


1. Arenaria lanuginosa subsp. lanuginosa Maguire, subsp. nov. 


Spergulastrum lanuginosum Michx. Fl. Bor.-Am. 1. 275. 1803. Arenaria alsinoides 


Willd. et Schlecht. Berl. Gesell. Nat. Fr. Mag. 7: 201. 1815. 
Coastal Plain, North Carolina to Texas, the West Indies, Mexico to South America. 


Differing from the subsp. saxosa primarily in the absence or obsolescence of petals. 


ARENARIA LANUGINOSA subsp. LANUGINOSA var. LONGIPEDUNCULATA Duncan, 
Phytologia 3: 282. 1950 
Granite outcrop, DeKalb and Fulton Counties, Georgia, a local population charac 
terized by pedicels from 3.8-5.2 cm. long, and leaves 4-7 mm. broad. 


2. Arenaria lanuginosa subsp. saxosa (Gray) Maguire, comb. nov. 
A. saxosa Gray, Pl. Wright. 2: 18. 1853. A. saxosa var. cinerascens Robins. Proc. 
Am. Acad. 29: 293. 1894. A. confusa Rydb. Bull. Torrey Club 28: 275. 1901. A. 
polycaulos Rydb. Bull. Torrey Club 31: 406. 1904. A. mearnsii Woot. & Stand. 
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Contr. U. S. Nat. Herb. 16: 121, 1913. A. saxosa var. mearnsii (Woot. & Stand.) 
Kearney & Peebles, Jour. Wash. Acad. Sci. 29: 475. 1939. 

Middle and upper altitudes, New Mexico and Arizona to southern Utah and Colo- 
rado, probably extending into Mexico. Extremely polymorphic, differing in lax forms 
from the subsp. lanuginosa only by the presence of petals. Highly variable in density af 
pubescence and habit. I have not yet been able to study the varieties of subsp. saxosa. 


Section PENTADENARIA Williams 
7. ARENARIA CAPILLARIS Poir. Encycl. Meth. 6: 380. 1804 


Key TO THE SUBSPECIES 


1. Sepals usually 5-6 mm. long; (in ours) totally glabrous -...............-....--:--s:+e+e+e+e00-0++ 
1. Sepals usually 4.0-4.5 mm. long, inflorescence glandular ........-.....-.-2.--.s-ssseeceeeeeeeeeees 


1. ARENARIA CAPILLARIS Poir. subsp. CAPILLARIS Maguire, 
Bull. Torrey Club 74: 41. 1947 
A. capillaris Poir. Encycl. Meth. 6: 380, as to type. 1804. A. formosa Fisch. ex DC. 
Prodr. 1: 402. 1824. A. nardifolia Ledeb. Fl. Altaic 2: 166. 1830. A. capillaris Poir. 
Grex c., ¢, formosa (Fisch.) F. N. Wms. Jour. Linn. Soc. 33: 415, exclusive of Ameri- 
can plants. 1898. A. capillaris Poir. Grex c., &, nardifolia (Ledeb.) F. N. Wms. Jour. 


Linn. Soc. 33: 415. 1898. 
Asia from the Angara-Sagan (acc. Hultén) to Alaska. Reported from the Northwest 
Territory (A. nardifolia) by Porsild. 


2. ARENARIA CAPILLARIS Poir. subsp. AMERICANA Maguire, 
Bull. Torrey Club 74: 41. 1947 


A. capillaris of American authors, not A. capillaris Poir. A. nardifolia of American 
authors, not A. nardifolia Ledeb. A. formosa of American authors, not A. formosa 
Fisch. A. capillaris Poir. subsp. formosa (Fisch.) Maguire, Madrofo 6: 24. 1941, not 
A. formosa Fisch. 

Mountains and plains, British Columbia and Alberta south in the mountains to cen- 
tral Oregon, Idaho, Montana, and northwestern Nevada. Possibly in Alaska. 


8. ARENARIA ACULEATA S. Wats. Bot. King’s Expl. 5: 40. 1851, not A. aculeata 
Desv. Jour. Bot. 3: 221. 1814 (nomen nudum) 


A. salmonensis Henderson, Bull. Torrey Club 27: 343. 1900. 


Dry gravelly slopes, from 6000 to 10,000 feet elevation; Beaverhead County, Montana, 
Custer, Blaine and Valley Counties, Idaho, to Wallowa and Baker Counties, Oregon, 
south to Modoc and Plumas Counties, Celifornia, northern Nevada, and Box Elder 
County, Utah. 


9. ARENARIA PUMICOLA Cov. and Leib. Proc. Biol. Soc. Wash. 11: 169. 1897 


Key TO THE VARIETIES 


1. Leaves fleshy; stems hardly ligneous at the base ................ 1. A. pumicola var. pumicola 
2. Leaves not fleshy; stems ligneous at the base ................---- 2. A. pumicola var. californica 


1, ARENARIA PUMICOLA var. PUMICOLA Maguire, Bull. Torrey Club 74: 43. 1947 

A. pumicola Cov. and Leib. Proc. Biol. Soc. Wash. 11: 169, as to type. 1897. 

Apparently restricted to loose pumice, Klamath County, Oregon. Plants intermediate to 
the next are known from Josephine County, Oregon. 


2, ARENARIA PUMICOLA var. CALIFORNICA Maguire, Bull. Torrey Club 74: 43. 
1947. Placer and Eldorado Counties, California 
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10. ARENARIA ABERRANS M. E. Jones, Contr. West. Bot. 16: 37. 1930 
A. rusbyi Greene, in Heller, Cat. N. Am. Pl. ed. 1. 49. 1898. (nomen nudum). 
Apparently restricted to oak and yellow pine areas from 5500 to 9000 feet, Colo- 
rado and Kaibab Plateaus, Gila, Coconino, and Mohave Counties, Arizona. 


11. ARENARIA URSINA Robins. Proc. Am. Acad. 29: 294. 1894 
Arenaria capillaris var. ursina (Robins.) Robins. Syn. Fl. N. Am. 1: 240. 1897. 
Dry hills and slopes 7000 to 10,000 feet, San Bernardino, Inyo, Fresno, and River- 
side Counties, California; possibly the range more extended. 


12. ARENARIA CONGESTA Nutt. ex Torr. & Gray, Fl. N. Am. 1: 178. 1838 
KEY TO THE VARIETIES 


1. Sepals obtuse. 
2. Inflorescence compactly congested. 
3. Leaves 3-6 (8) cn. long, 1. A. congesta var. congesta 
3. Leaves 2-3 cm. long, 1-2 mm. wide, crassulus and subscucculent ................---.--- 
2. Inflorescence proliferating or umbellate. 


3. Inflorescence proliferating, forming more or less loose, irregular cymes; sepals 
4-5 mm. long; central Idaho and adjacent Montana and Wyoming, probably 


3. Inflorescence umbellate, the bracts arising approximately at the summit of the 
peduncle; sepals 3-4 mm. long; Sierra Nevada ....4. A. congesta var suffrutescens 
1. Sepals acute. 
2. Inflorescence compactly congested, the flowers essentially sessile. 
3. Leaves filiform, 3-8 cm. long; plants of central Idaho and adjacent Montana 


3. Leaves not filiform, 1-2 cm. long, less than 1 mm. broad; leaves and sepals 
pungent; Charleston Mountains, Nevada ........6. A. congesta var. charlestonensis 


2. Inflorescence proliferating, or the flowers obviously pedicelled. 
3. Stems 15-2U cm. or more high; leaves 2-8 cm. long. 

4. Stems leafy; leaves (2) 3-8 cm. long, filiform, usually strict; inflorescence 
proliferous; sepals glabrous or sparingly glandular; dry slopes east of the 
Cascade Divide, Oregon and Washington .......... 7. A. congesta var. prolifera 

4. Stems hardly leafy; leaves 2-3 cm. long, coarser, spreading or recurved; in- 
florescence subumbellate; sepals strongly glandular; dry sand hills, Wash- 
8. A. congesta var. glandulifera 

3. Stems usually 15 cm. or less high, not leafy; leaves 2 cm. or less long, broader, 
usually divergent or recurved. 

5. Inflorescence usually little congested; sepals 4.0-5.0 (5.5) mm. long, weakly 
or not at all 3 nerved; dry slopes east of the Sierra Nevada; Great Basin. 

5. Inflorescence usually more or less closely congested; sepals (5.0) 5.5-6.5 mm. 
long. 

6. Stems 5-10 cm. high; leaves usually strongly recurved; sepals conspicuous- 
ly 3 nerved; Snake Range, White Pine County, Nevada ..........-....2-------- 


10. A. congesta var. wheelerensis 


6. Stems 10-15 cm. high; leaves usually strict; sepals feebly or not at all 3 
nerved; plants of Lassen and Modoc Counties, California, and adjacent 


1. ARENARIA CONGESTA var. CONGESTA Maguire, Bull. Torrey Club 74: 45. 1947 
A congesta Nutt. ex Torr. & Gray, Fl. N. Am. 1: 178, as to the type and most of 
the population. 1838. 
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The most widespread assemblage within the species; plains and mountain slopes and 
ridges to 11,500 feet; Washington and Montana to central California, and southern 


Nevada, Utah, and Colorado. 


2. ARENARIA CONGESTA var. CRASSULA Maguire, Bull. Torrey Club 74: 45. 1947 
Upper montane slopes, Siskiyou Mountains, southwestern Oregon and adjacent Cali- 
fornia. 
3. ARENARIA CONGESTA var. LITHOPHILA Rydb. Mem. 
N. Y .Bot. Gard. 1: 148. 1900 


A. lithophila Rydb. Bull. Torrey Club 39: 316. 1912. A. congesta var. expansa 
Maguire, Bull. Torrey Club 74: 135. 1947. 

Slopes and hillsides to 10,000 feet, Latah and Clearwater Counties, Idaho, Missoula 
to Meagher Counties, Montana, south in the mountains to Sheridan and Sweetwater 
Counties, Wyoming, Routt County, Colorado, and Salt Lake County, Utah. A strong 
population but intergradient with the var. congesta. The type of A. lithophila, Flodman 
437 from the Madison Range, Montana, is a depauperate series of specimens, but 
undoubtedly of the extensive population var. l:thophila as here defined. 


4. ARENARIA CONGESTA var. SUFFRUTESCENS (Gray) Robins. 
Proc. Am. Acad. 29: 295. 1894 


Brewerina suffrutescens Gray, Proc. Am. Acad. 8: 620, as to type. 1873. Arenaria 
suffrutescens (Gray) Heller, Muhlenbergia 6: 96. 1910. 

Mountain slopes 5300 to 11,000 feet, Siskiyou Mountains and the Sierra Nevada 
Range, from Josephine County, Cregon, south to Tulare County, California. 


5. ARENARIA CONGESTA var. CEPHALOIDEA (Rydb.) Maguire, 
Bull. Torrey Club 74: 46. 1947 


A. cephaloidea Rydb. Bull. Torrey Club 39: 316. 1912. 

Essentially confined to central and northwestern Washington and adjacent Idaho, chis 
variant has not been frequently collected. Reported from the Uinta Mountains, Utah, by 
Goodman (Ann. Mo. Bot. Gard. 18: 284. 1931). 


6. ARENARIA CONGESTA var. CHARLESTONENS!S Maguire, 
Bull. Torrey Club 72: 326. 1946 
Charleston Mountains, Clark County, Nevada. 


7. ARENARIA CONGESTA var. PROLIFERA Maguire, 
Bull. Torrey Club 74: 47. 1947 


A. burkei Howell, Fl. N. W. Am. 1: 85. 1897. Based on the original description and 
the name A. fendleri var. subcongesta S .Wats., but applied to plants of Oregon and 
Washington, and not to type of var. subcongesta. A congesta var. subcongesta (S. 
Wats.), Wats. Bot. Calif. 1: 69, as to specimens but not as to type. 1876. A. glabres- 
cens Piper, Contr. U. S. Nat. Herb. 11: 261. 1906, not A. fendleri var. glabrescens S. 
Wats. 

Sagebrush plains and slopes eastern Washington, Oregon, and Alberta. 


Arenaria congesta var. glandulifera Maguire, var. nov. 


Caudex valde multicipitalis, subsuffruticosus; caulibus 20-30 cm. longis; foliis 2-3 cm. 
longis, recurvatis; inflorescentiis subumbellatis; sepalis ca. 4 mm. olngis, acutis, valde 
glandulosis. 

Type: dry sand hills east of Snake River, 10 miles southeast of Weiser, Washington 
County, Idaho, June 12, 1946, M. & G. B. Ownbey 2763. New York Botanical Garden. 
A strongly marked variant, known only by the type collection. 


9. ARENARIA CONGESTA var. SUBCONGESTA (S. Wats.) 
S. Wats. Bot. Calif. 1: 69. 1876 


A. fendleri var. subcongesta S. Wats. Bot. King’s Expl. 5: 40, as to type. 1871. A. 
fendleri var. glabrescens S. Wats. Bot. King’s Expl. 5: 40, as to cited specimens of 
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Nevada. 1871. A. burkei Howell, Fl. N. W. Am. 1: 85, as to name, not specimens. 
1897. 

Plants of inhospitable habitats, Great Basin from northern Nevada and _ adjacent 
California to Millard County, Utah, and Nye County, Nevada. 


10. ARENARIA CONGESTA var. WHEELERENSIS Maguire, 
Bull. Torrey Club 74: 48. 1947 


Apparently localized in the high mountain region of northeastern Nevada and possibly 
adjacent Utah. 


11. ARENARIA CONGESTA var. SIMULANS Maguire, 
Bull. Torrey Club 74: 48. 1947 
The mountain region of Modoc and Lassen Counties, California; and the Santa Rosa 


Range, Humboldt County, Nevada. 


13. ARENARIA FENDLERI A. Gray, Mem. Am. Acad. II. 4: 13. 1849 


KEY TO THE VARIETIES 
1. Sepals acuminate, 6.0-7.5 mm. long; inflorescence moderately glandular. 


2. Leaves 1-6 cm. long, ascending or recurved; inflorescence ascending. 


2. Leaves 6-10 cm. long, flexuous; inflorescence lax .............-.---.--- 3. fendleri var. diffusa 


1. Sepals acute, 4-6 (7) mm. long; inflorescence densely glandular. 
2. Leaves 2-4 (6) cm. long; sepals 5-6 (7) mm. long ........ 4. A. fendleri var. brevifolia 
2. Leaves 1-2 cm. long; sepals 4-5 (6) mm. long .................. 5. A. fendleri var. tweedyi 


1. ARENARIA FENDLERI var. FENDLERI Maguire, Bull. Torrey Club 74: 49. 1947 


A. fendlers A. Gray, Mem. Am. Acad. II. 4: 13, as to type. 1849. A. fendleri A. 
Gray subsp. genuina Maguire, Madrofio 6: 23. 1941. 

The major and most extensive population; plains and mountain slopes to the alpine 
belt; Albany and Carbon Counties, Wyoming (and possibly adjacent Nebraska), Colo- 
rado, in the mountains south in Arizona to the Huachuca Mountains, Cochise County; 
in New Mexico to the Oregon Mountains, Donna Ana County; and in Texas to Jeff 
Davis County; probably to be found in the states of Sonora and Chihuahua, Mexico. 


2. ARENARIA FENDLERI var. PORTERI Rydb. Bull. Torrey Club 31: 407. 1904 
The alpine form confined to mourtain peaks above the timberline in Colorado, and 
the San Francisco Mountains, Coconino County, Arizona. 


3. ARENARIA FENDLERI var. DIFFUSA Porter, Fl. Colo. Geol 
Surv. Misc. Pub. 4: 13. 1874 
A. laxiflora Rydb. Bull. Torrey Club 39: 316. 1912. 
Favorable sites, grassy slopes and open woodlands to 10,000 feet. Colorado and north- 
western New Mexico; perhaps throughout the range of the species. 


4. ARENARIA FENDLERI var. BREVIFOLIA (Maguire) Maguire, 
Bull. Torrey Club 74: 49. 1947 
A. fendleri Gray subsp. brevifolia Maguire, Madrofio 6: 23, exclusive of var. brev- 
caulis. 1941. 
Open slopes and meadows and open pine woodland, sometin:es occupying Crier areas, 
Grand and San Juan Counties, Utah; Montrose, Montezuma, and La Plata Counties, 
Colorado; Mohave and Coconino Counties, Arizona. 


5. ARENARIA FENDLERI var. TWEEDYI (Rydb.) Maguire, 
Bull. Torrey Club 74: 50. 1947 
A. tweedyi Rydb. Bull. Torrey Club 31: 406. 1904. A. fendleri b:evifolia var. brevi- 
caulis Maguire, Madrofo 6: 23. 1941. 
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Alpine peaks above timberline, La Plata Mountains, La Plata County, Colorado, and 
the La Sal Mountains, Grand and San Juan Counties, Utah. 


14. ARENARIA EASTWOODIAE Rydb. Bull. Torrey Club 31: 406. 1904 


KEY TO THE VARIETIES 
1. Stems and inflorescence glabrous ...............-.-.--+-0---+++- 1. A. eastwoodiae var. eastwoodiae 
1. Stems and inflorescence glandular ...............-....--.-.----- 2. A. eastwoodiae var. edenophora 


1. ARENARIA EASTWOODIAE var. EASTWOODIAE Maguire, 
Bull. Torrey Club 74: 50. 1947 


A. eastwoodiae Rydb. Bull. Torrey Club 31: 406, as to type. 1904. 

Dry stony or sandy hills, mesas and deserts, Daggett and Uintah Counties, Utah, 
Mesa County, Colorado, south to northern Colorado, Navajo, and Apache Counties, 
Arizona, and San Juan County, New Mexico. 


2. ARENARIA EASTWOODIAE var. ADENOPHORA Kearney and Peebles, 
Jour. Wash. Acad. 29: 475. 1939 
Distribution that of var. eastwoodiae, but tends to be more abundant on less favorable 
habitats, and the only form in extreme desert areas. 


15. ARENARIA MACRADENIA S. Wats. Proc. Am. Acad. 17: 367. 1882 
KEY TO THE SUBSPECIES AND VARIETIES 


1. Sepals 5.5-6.5 mm. long; stems woody at the base; plants of the Mohave Desert 
2. Petals conspicuously exceeding the sepals; cauline leaves 5 or more pairs; innova- 
tions seldom produced. 
3. Cauline leaves mostly 5-8 pairs, ascending, 0.8-1.2 mm. broad .....................-.--- 
3. Cauline leaves mostly 6-12 pairs, strongly arcuate, 1.2-2.0 mm. broad. 


4. Inflorescence and sepals glabrous ...............-...-.- Ib. A. macradenia var. arcuifolia 
4. Inflorescence and sepals densely glandular ..........1c. A. macradenia var. kuschei 

2. Petals equaling or barely exceeding the sepals; cauline leaves fewer than 5 pairs; 
innovations frequently produced .................------- Id. A. macradenia var. parishiorum 

1. Sepals 4.0-5.5 mm. long; stems little or not at all woody at the base; plants of the 


1. ARENARIA MACRADENIA subsp. MACRADENIA Maguire, 
Bull. Torrey Club 73: 326. 1946 


A. macradenia §. Wats. Proc. Am. Acad. 17: 367, to to type. 1882. 


la. ARENARIA MACRADENIA subsp. MACRADENIA var. MACRADENIA 
Maguire, Bull. Torrey Club 73: 326. 1946 


A. macradenia S. Wats. Proc. Am. Acad. 17: 367, as to type. 1882. A. congesta 
var. macradenia (S. Wats.) M. E. Jones, Proc. Cal. Acad. II. 5: 626. 1895. A. fendleri 
var. glabrescens S. Wats. Bot. King’s Expl. 5: 40, in part. 1871. 

Deserts, dry slopes and foothills to 5000 feet, Inyo and Los Angeles Counties, Cali 
fornia; South Bern Mountains, Lower California; Mohave Desert to Clark County, 
Nevada, Washington County, Utah, and northern Mohave and Coconino Counties, 
Arizona. 

lb. ARENARIA MACRADENIA subsp. MACRADENIA var. ARCUIFOLIA 
Maguire, Bull. Torrey Club 74: 51. 1947 


Dry slopes and foothills, San Gabriel, Liebre, and San Antonio Mountains, Los 
Angeles County, California. A strongly marked variant, recognized by the numerous, 
broad, arcuate cauline leaves and ciliate sepals. 


Ic. ARENARIA MACRADENIA subsp. MACRADENIA var. KUSCHEI (Eastwood ) 
Maguire, Bull. Torrey Club 74: 51. 1947 
A. kuschei Eastw. Proc. Calif. Acad. IV. 20: 140. 1931. 
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Apparently known only from the type: Forest Camp, Mohave Desert, California, 
July 12, 1929, August Kusche sine no. Herbarium California Academy of Sciences, No. 
169243. 


Id. ARENARIA MACRADENIA subsp. MACRADENIA var. PARISHIOR.UM 
Robins. Proc. Am. Acad. 29: 296. 1894 
A. congesta var. parishiorum (Robins.) Robins. in Syn. Fl. N. Am. 1: 342. 1897. 
Desert ranges of southern California and southern Nevada to the Virgin Mountains, 
Mohave County, Arizona; “Lower California.” 


2. ARENARIA MACRADENIA subsp. FERRISIAE Abrams, IIl. FI. 
Pacif. States 2: 151. 1944 
Foothills and mountain slopes 5000 to 9500 feet, Inyo and Kern (according to 
Abrams) Counties, California, Lincoln County, Nevada, and Iron, Beaver Counties north 


to Utah County, Utah. 


16. ARENARIA KINGI (S. Wats.) M. E. Jones, Proc. Calif. 
Acad. Sci. II. 5: 627. 1896 
KEY TO THE SUBSPECIES AND VARIETIES 
1. Sepals 3.6-4.5 (5.0) mm. long; capsule 4.5-6.3 mm. long; seed 1.5-2.0 mm. long. 
2. Petals white; inflorescence open, few- to many-flowered. 
3. Stems more or less leafy; leaves acerose, slender, mostly strict or ascending, 1-2 
cm. long (subsp. kingii). 
4. Petals bifid; inflorescence conspicuously glandular .......... la. A. kingii var. kingii 
4. Petals entire or merely retuse; inflorescence inconspicuously glandular ............ 
3. Stems more or less scapose; leaves basally disposed, 0.5-1.5 cm. long, broadly 
subulate or trigonous, ascending or divergent 
4. Leaves trigonous, ascending, feebly ciliate; rescence including the sepals 


densely glandular; plants of the high cen: ai plateaus, Utah ...................... 


4. Leaves broadly subulate, tending to become widely divergent, prominently 
ciliate; inflorescence feebly glandular; sepals mostly glabrous; plants of the 
White Mountain and Mt. Whitney region, California .................-...-.--------- 
..2. A. kingii subsp. compacta 
2. Petals pink; inflorescence & Strict, , few: flowered, “caudex mostly few-branched; plants 
Gk 5. A. kingii subsp. rosea 
1. Sepals (4.5) 5.0-6.0 mm. long; capsule 5.5-7.2 mm. long; seed 2.0-2.5 mm. long; 
petals entire or occasionally bifid; plants of Wasatch Range, Utah, extending 
northward into Wyoming and Idaho ...............-..2..-.-+-- 3. A. kingii subsp. uintahensis 


1. ARENARIA KINGII subsp. KING Maguire, Bull. Torrey Club 74: 53. 1947 
Stellaria kingit S. Wats. Bot. King’s Expl. 5: 39, as to type. 1871. 


la. ARENARIA KINGII subsp. KINGII var. KINGII Maguire, 
Bull. Torrey Club 74: 53. 1947 


Stellaria Kingii S. Wats. Bot. King’s Expl.. 5- 39, as to type. 1871. 
Dry slopes of the Great Basin ranges, particularly in eastern Nevada and west-central 


Utah. 


Ib. ARENARIA KINGII subsp. KINGII var. GLABRESCENS (S. Wats.) Maguire, 
Bull. Torrey Club 74: 53. 1947 
A. fendleri var. glabrescens S. Wats. in Bot. King’s Expl. 5: 40, as to type. 1871. 
Dry hills and slopes to 8000 feet, southeastern Oregon, southwestern Idaho, south to 
Esmeralda County, Nevada, and Inyo County, California, and in the Basin ranges to 
Beaver and Iron Counties, Utah. 
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2. ARENARIA KINGII subsp. COMPACTA (Coville) Maguire, 
Bull. Torrey Club 74: 53. 1947 


A. compacta Coville, Proc. Biol. Soc. Wash. 7: 67. 1892. 
Alpine meadows and ridges, Mt. Whitney Region, Tulare County, and White Moun- 
tain, Inyo and Mono Counties, California. 


3. ARENARIA KINGII subsp. UINTAHENSIS (A. Nels.) Maguire, 
Bull. Torrey Club 72: 54. 1947 


A. uintahensis A. Nels. Bull. Torrey Club 26: 7. 1899. A. aculeata var. uiniahensis 
(A. Nels.) Peck, Madrofio 6: 133, at least as to name. 1941. 

Slope and foothills to 8000 feet, southeastern Idaho and adjacent Wyoming, south 
in the Wasatch Range to Sanpete and Beaver Counties, Utah. 


4. ARENARIA KINGII subsp. PLATEAUENSIS Maguire, 
Bull. Torrey Club 74: 54. 1947 


Common in pine woodlands at lower altitudes and open aspen and spruce parks and 
ridges at higher altitudes, from 8000 to 11,500 feet, the high plateau region of south- 
central Utah in Iron, Beaver, Garfield, Wayne, and Kane Counties, and in the Henry 
Mountains, Wayne and Garfield Counties. 


5. ARENARIA KINGII subsp. ROSEA Meguire, Bull. Torrey Club 73: 326. 1946 


Known from the Charleston Mountains by the type and the following collections: 
Alexander 775a, 775b; Heller 11055. 


17. ARENARIA STENOMERES Eastwood Leafl. West. Bot. 4: 63. 1944 


Known only from the type collection: limestone cliffs, Meadow Valley Range, Lincoln 
County, Nevada, May 19, 1944, Ripley & Barneby 3476. 


18. ARENARIA FRANKLINII Dougl. ex Hook. Fl. Bor. Am. 1: 101. 1831 


A. franklinii Dougl. ex. Hook. B minor H. & A. Bot. Beechy Voy. 326. 1838. 
Sand and sage plains of the Columbia and Snake River drainages, Stevens County, 
Washington, south to Malheur (?) County, Oregon, and Owyhee County, Idaho. 


19. ARENARIA HOOKER! Nutt. ex Torr. & Gray, Fl. N. Am. 1: 178. 1838 
KEY TO THE VARIETIES 


|. Leaves strict or recurved, 1.0-1.5 cm. long; sepals glabrous 7-8 (9) mm. long; pul- 
vinate plants mostly of Wyoming and Montana east of the Continental Divide 

1. Leaves strict or flexuous, 2-4 cm. long; sepals glabrous, often pubescent, (7) 8-9 
mm. long; loosely pulvinate or merely cespitose plants mostly of southeastern 
Wyoming and Colorado south to El Paso County, east of the Continental Divide 

1. Leaves recurved or patent, 0.3-1.0 cm. long; sepals glabrous, sometimes pubescent, 
(5) 6-7 mm. long; densely pulvinate plants, Red Desert, Uinta Mountain foot- 
hills, and the Uinta Basin, Wyoming and Utah, west of the Continental Divide 


1. Arenaria hookeri var. hookeri (Rydb.) Maguire, comb. nov. 


A. hookeri (Nutt.) Torr. & Gray, Fl. N. Am. 1: 178, as to type. 1838. A. frank- 
linit var. hookeri Rydb. Bot. Surv. Neb. 3: 27, 1894. A. hookeri var. typica Maguire, 
Bull. Torrey Club 74: 56. 1947. 

Plains and exposed slopes and ridges mostly east of the Continental Divide, southern 
Montana, Wyoming, adjacent Nebraska and Colorado; Elko County, Nevada. Polymor 
phic with numerous genetic forms; morphologically confluent with both the following 
variants. But for their partial geographic segregation the recognition of the two varietal 
populations would be inadvisable. 
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2. ARENARIA HOOKERI var. PINETORUM (A. Nels.) Maguire, 
Bull. Torrey Club 74: 56. 1947 
A. pinetorum A. Nels. Bull. Torrey Club 26: 350. 1899. 
Open pine and spruce woodland or dry ridges, Black Hills, South Dakota, south- 
eastern Wyoming, Colorado south to El Paso County. 


3. Arenaria hookeri var. desertorum Maguire, var. nov. 


Plantae dense pulvinatae; foliis recurvatis vel patentibus, 3-10 mm. longis; sepalis 
glabris vel pubescentibus (5) 6-7 (8) mm. longis. 

Type: white shale benches and bare hilltops, 5900 feet alt., 4 mi. s.w. Duchesne, 
Duchesne County, Utah, June 15, 1947, H. D. Ripley & R.‘C. Barneby 8701. New 
York Botanical Garden. Cotype: densely pulvinate, ledges of white sandstone, 5100 feet 
alt., 6 mi. s.e. Jensen, Uintah County, June 7, 1946, H. D. Ripley & R. C. Barneby 
7799. New York Botanical Garden. 

Representative specimens. Utan: white shale, 36 mi. s.e. Ouray, Uintah County, 
Ripley & Barneby 8752; benches among pinyons, plants pulvinate, up to 3 dm. in diam., 
5 mi. e. Hiawatha, Carbon County, Ripley & Barneby 8685. Wyominc: low bluffs in 
gravelly clay, 8 mi. n.w. of Granger, Sweetwater County, Ripley & Barneby 7856; Green 
River, Sweetwater County, June 23, 1896, M. E. Jones sine no. 


Section MoEHRINGIA Benth. & Hook. 
20. ARENARIA LATERIFLORA L. Sp. Pl. 423. 1753 

Moehringia lateriflora (L.) Fenzl. Verbr. Alsin. 18. 1833. Arenaria lateriflora L. var. 
glabrescens (Regel) Robins. Syn. Fl. N. Am. 1: 238. 1897. A. lateriflora L. var. tenui- 
caulis Blankinship, Mont. Agric. Coll. Sci. Studies Bot. 1: 51. 1905. A. lateriflora L. 
var. typica (Regel) St. John, Rhodora 19: 260. 1917. A. lateriflora L. var. taylorae St. 
John, Rhodora 19: 262. 1917. 

Polymorphic herbs of woodlands or exposed places; circumboreal; in America from 
Alaska, Labrador, and Newfoundland to California, Iowa and Pennsylvania. 


21. ARENARIA MACROPHYLLA Hook. Fl. Bor. Am. 1: 102. 1831 
Mocehringia macrophylla (Hook.) Torr. Bot. Wilke’s Exp. 246. 1874. 
Dry or moist woodlands, stony slopes and plains, British Columbia to Labrador, south 
through Gaspe, to Massachusetts, Colorado, and California. 


Section Mercxia Benth. & Hook. 
22. ARENARIA PHYSODES Fisch. ex DC. Prodr. 1: 413. 1824 
Merckia physodes Fisch. ex Cham. & Schlecht. Linnaea 1: 59. 1826. 
Arctic Siberia to Alaska and the Yukon Territory; N. W. Terr. (Polunin). 


Section ALsINE Benth. & Hook. 
23. ARENARIA DOUGLASII Fenzl ex Torr. & Gray, Fl. N. Am. 1: 674. 1840 
Alsinopsis douglasii (Fenzl ex Torr. & Gray) Heller, Muhlenbergia 8: 20. 1912. 
Minuartia douglasii (Fenzl ex Torr. & Gray) Mattf. Bot. Jahrb. 57: Beibl. 126: 27. 
1921. 
Dry sandy or stony soil to 4000 feet altitude, southern Oregon, California, Arizona. 


24. ARENARIA HOWELLII S. Wats. Proc. Am. Acad. 20: 354. 1885 
Alinopsis howellit (Wats.) Heller, Muhlenbergia 8: 96. 1912. Minuartia howellii 
(Wats.) Mattf. Bot. Jahrb. 57. Beibl. 126: 27. 1921. 
A distinctive population of limited distribution; dry open serpentine slopes, southern 
Oregon and adjacent California. 


25. ARENARIA PATULA Mich. Fl. Bor. Am. 1: 273. 1803 
Sepals 3 nesved, 0.7-0.9 mm. broad 2. A. patula var. robusta 
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1. Arenaria patula var. patula Maguire, var. nov. 

A. patula Michx. Fl. Bor. Am. 1: 273, as to type. 1803. A. pitcheri Nutt. ex Torr. 
& Gray, Fl. N. Am. 1: 180. 1838. Stellaria macropetala Torr. & Gray, Fl. N. Am. 1: 
184. 1838. Alsinopsis patula (Michx.) Small, Fl. S.E. U. S. 420. 1903. Minxartia 
patula (Michx.) Mattf. Bot. Jahrb. 57. Beibl. 126: 28. 1921. Sabulina patula (Michx.) 
Small ex Rydb. Fl. Prairies & Plains Central N. Am. 321. 1932. A. patula f. pitcheri 
(Nutt.) Steyerm. Rhodora 43: 329. 1941. A. patula f. media Steyerm. Rhodora 43: 
331, in part. 1941. 

Rocky soil, barrens, or meadows; Minnesota and Indiana to Virginia, Alabama, and 
Texas. 


2. Arenaria patula var. robusta (Steyerm.) Maguire, stat. nov. 
A. patula f. robusta Steyerm., Rhodora 43: 330. 1941. A. patula f. media Steyerm., 
Rhodora 43: 331, in part. 1941. 
Limestone slopes; Edmonson and Rockcastle Counties, Kentucky; Jefferson County, 
Tennessee; and Howell and St. Francois Counties, Missouri; probably more widespread 
in limestone areas. 


26. Arenaria muriculata Maguire, sp. nov. 


Plantae annuae; caulibus 10-30 cm. longis, decumbentibus vel erectis; sparse glandu- 
loso-puberulentis; foliis caulinis 5-10 jugis, 2-3 cm. longis, 1-2 mm. latis, linearibus 
frequenter falcatis, 1 nervis, glabris, vel a basibus puberulentis; inflorescentiis dichotomis 
mediis caulibus longioribus; pedicellis subcapillaribus 1-3 cm. longis; sepalis 3.6-4.2 mm. 
longis, lanceolatis, aliquantum obtusis, scarioso-marginatis, valde 3 nervis, glanduloso- 
puberulentis; petalis 5-8 mm. longis; oblanceolato-cuneatis, integris, erosis, retusis vel 
emarginatis; stylis normaliter 3; capsulis 4-5 mm. longis, membranaceis; valvis_ 3, dehis- 
centibus media a base, lanceolatis, obtusis; seminibus 0.7-0.8 mm. latis, obovato-rotundatis, 
nigrescentibus, minute muriculato-papillatis. 

Type: prairies, 215 feet elevation, Ulm, Prairie County, Arkansas, May 9, 1937, 
D. Demaree 14920. New York Botanical Garden. 

Prairies, meadows, rocky (limestone) glades and open woodland slopes; Benton, 
Washington, Pulaski, Prairie, Bradley, and Ashley Counties, Arkansas. Very similar and 
closely related to, and probably derived from Arenaria patula. Distinguished by its black 
muriculate-papillose seed, which in A. patula are gray-brown and elongate-tuberculate, in 
Arenaria a most significant difference. 


27. ARENARIA UNIFLORA (Walt.) Muhl. Catalog. Pl. ed. 1. 45. 1813 

Stellaria uniflora Walt. Fl. Carol. 141. 1788, not S. uniflora Robins. Syn. Fl. N. 
Am. 11: 237. 1897, not Sabulina uniflora Small. Man. 498. 1933. Arenaria brevifolia 
Nutt. ex Torr. & Gray, Fl. N. Am. 1: 180. 1838. Alsinopsis brevifolia (Nutt. ex Torr. 
& Gray) Small, Fl. S. E. U. S. 420. 1903. Minuartia brevifolia (Nutt. ex Torr. & 
Gray) Mattf. Bot. Jahrb. 57. Beibl. 126: 28. 1921. Sabulina brevifolia (Nutt. ex Torr. 
& Gray) Small, Man. 499. 1933. 

Granite or sandstone outcrops, piedmonts or inner coastal plains North Carolina, 
Georgia, and Alabama. 


28. ARENARIA CALIFORNICA Brewer, Bolander Cat. 6. 1870 
Open dry sites, southern Oregon to central California. 


29. ARENARIA PUSILLA S. Wats. Proc. Am. Acad. 17. 367. 1882 
TO THE VARIETIES 
1. Petals shorter (or obsolete) than the 2.0-3.5 mm. long acute sepals; cauline leaves 
1-3 pairs; sparingly branched annuals ..............-....-.--.--:-0----++- 1. A. pusilla var. pusilla 
1. Petals exceeding the 1.8-2.5 mm. long obtusish sepals; cauline leaves 3-6 pairs; dif- 
fusely branched annuals 


1. Arenaria pusilla var. pusilla Maguire, var. nov. 
A. pusilla S. Wats. Proc. Am. Acad. 17: 367, as to type. 1882. Alsinopsis pusilla 
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(S. Wats.) Rydb. Bull. Torrey Club 39: 316. 1912. Minuartia pusilla (S. Wats.) 
Mattf. Bot. Jahrb. 57. Beibl. 126: 28. 1921. 
Dry fine woodland and open stony soil; Whitman, Walla Walla, and Klickitat Coun- 


ties, Washington, to Humboldt, Siskiyou, and Tuolumne Counties, California. 


2. Arenaria pusilla var. diffusa Maguire, var. nov. 

Annuae diffusae, (1) 2-5 cm. altae; ramis decumbentibus; foliis caulinis (2) 3-6 
jugis; sepalis 1.8-2.5 mm. longis, aliquantum obtusis; petalis 2-5 mm. longis, obtusis, 
elliptico-oblongis. 

Type: Monterey, Monterey County, California, April, 1903, A. B. E. Elmer 4570. 
New York Botanical Garden. 

Dry woodlands and stony soil; Sutter, San Francisco, San Mateo, Tuolumne, and 
Monterey Counties, California. 


30. ARENARIA GROENLANDICA (Retz.) Spreng. Syst. 2: 402. 1825 


KEY TO THE VARIETIES 
1. Sepals 4.0-5.5 mm. long; matted annuals or perennials of the higher mountains in 
the northern part of our range ..1. A. groenlandica var. groenlandica 
1. Sepals 3-4 mm. long; stems simple, branched or somewhat tufted; annuals; plants of 
2. A. groenlandica var. giabra 


1. A. groenlandica var. groenlandica Maguire, var. nov. 


Stellaria groenlandica Retz, Fl. Scand. ed. 2. 107, as to type. 1795. Als nopsis groen- 
landica (Retz) Small, Fl. S. E. U. S. 420. 1903. Minuartia groenlandica (Retz) Ostenf. 
Meddel. Groenl. 37: 226. 1920. Sabulina groenlandica (Retz) Small, Man. 499. 1933. 

Greenland, Labrador, Gaspé, Nova Scotia, and in the higher mountains of Maine, 
New Hampshire, Vermont, and New York; and North Carolina. 


2. A. GROENLANDICA var. GLABRA (Michx.) Fern. Rhodora 21: 20. 1919 
Arenaria glabra Michx. Fl. Bor. Am. 1: 274. 1803. Alsinopsis glabra (Michx.) 
Small, Fl. S. E. U. S. 420. 1903. Minuartia glabra (Michx.) Mattf. Bot. Jahrb. 57. 
Beibl. 126: 28. 1921. Subulina glabra (Michx) Small, Man. 499. 1933. 
Low mountains and foothills, Maine, New Hampshire, and Pennsylvania south to 
South Carolina and Tennessee. 


31. ARENARIA ARCTICA Steven ex D.C. Prodr. 1: 404. 1824 

Minuartia arctica (Steven) Aschers. & Graebn. Synops. Mitteleurop. Fl. 51: 772. 
1918. 

Bering Strait area, Alaska, and the Yukon Territory, acc. Hulten. A variable and 
insufficiently tnderstood entity, lacking adequate collected material and stacy for 
trustworthy delimitation or circumscription. For further consideration of the problems 
involved see discussion by Hulten, Fl. Alaska & Yukon 4: 678. 1944. 


32. ARENARIA SAJANENSIS Willd. ex Schlecht. Berl. Gesell. 
Nat. Fr. Mag. 7: 200. 1815 
Stellaria biflora L. Sp. Pl. 422. 1753, not Arenaria biflora L. Mantissa 71. 1767. 
Minuartia biflora (L.) Schinz & Thell. Bull. Herb. Boiss. ser. 2. 7: 404. 1907. 
Circumpolar; in America from Alaska to Greenland. Acc. Hultén “It [Minuartia 
biflora} resembles certain forms of M. [inuartia} arctica, which, however, have more keeled 
leaves, longer petals, longer capsules, and tuberc-I-te seeds.” 


33. ARENARIA OBTUSILOBA (Rydb.) Fern. Rhodora 21: 14. 1919 
A. sajanensis Am. Auth. in part, not Willd. ex Schlecht. Berl. Gesell. Nat. Fr. Mag. 
7: 200. 1815. A. laricifolia Am. Auth. not L. Sp. Pl. 424. 1753. A. obtusa Torr. Ann. 
Lyc. N. Y. 2: 170. 1827, not All. Fl. Pedem. 2: 114. 1785. A. biflora var. obtusa Wats. 
Bibl. Ind. 94. 1878. Alsinopsis obtusiloba Rydb. Bull. Torrey Club 33: 140. 1906. 
Arenaria marcescens Fern. Rhodora 21: 15. 1919. 
Western Greenland, Labrador, and Gaspé to Alberta and British Columbia, in the 


Rocky Mountains to northern Arizona and New Mexico. 
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As here interpreted, A. obtusiloba is a widely polymorphic species subject to consid- 
erable ecologic and in all probability genetic variation. In the more northern part of its 
range specimens are reduced in stature and tend to have small flowers. In fzvorable 
areas plants are more robust. Over the Rocky Mountain region minor populations and 
individuals yield a complex of forms that inextricably encompass the characterization 
embodied in the above offered synonymy, with the possible exception of A. marcescens. 
In Gaspé and Newfoundland this and the smaller form are continuous in morphological 
detail. 

It is not improbable that much of the small-flowered population of Alaska, attributed 
to A. arctica, belongs here. Various American authors have interpreted austral American 
material as belonging to A. sajanensis. A wiser course then, would be to hold in abey- 
ance any elucidation of subspecific entities until the proper application or specific epithet 
can ke made. 

ARENARIA LARICIFOLIA (L.) Robins., at least as to name, Syn. Fl. N. Am. 1: 247. 
1895. 

Central Europe and the Pyrenees; attributed in. America to Alaska and Yukon, and 
in the Rocky Mountains to Colorado and Utah. Considerable study .nd field observation 
have led me, however, to the inescapable conviction that at least in the Rocky Moun- 
tains our plants are nothing more than a part of the polymorphic biological species 
herein assigned to A. obtusiloba. 


34. ARENARIA MACROCARPA Pursh, Fl. Bor. Am. 1: 318. 1814 


Minuartia macrocarpa (Pursh) Ostenf. Meddel. Groenl. 37: 226. 1920. Arenaria 
crilloniana Drew, Rhodora 37: 225. 1935. 


A well marked boreal species; Nova Zembla, arctic Asia, Kamchatka, and Korea; in 
America, Alaska, and the Arctic Coast to Yukon Territory. 


35. ARENARIA CAROLINIANA Walt. Fl. Carol. 140. 1788 
Chiefly psammophilous plants of pine barrens and coastal plains, New York to north- 


ern Florida. 


36. ARENARIA PALUDICOLA Robins. Proc. Am. Acad. 29: 298. 1894 
A. palustris S. Wats. Bot. Cal. 1: 70. 1876, not Gay 1845. Alsine palustris Kell. 
Proc. Cal. Acad. 3: 61. 1863. 


Swampy situations, coastal region; Washington to southern California. 


37. ARENARIA STRICTA Michx. Fl. Bor. Am. 274. 1803 


KEY TO THE SUBSPECIES 
1, Plants totally glabrous. 
2. Petals conspicuously surpassing the calyx; capsule equal to or shorter than the 
calyx. 
3. Stems leafy for more than half their length; primary leaves usually 1.5-3.0 cm. 
long; plants mostly lax, frequently matted ...................- 1. A. stricta subsp. stricta 
3. Stems leafy usually below the middle; primary leaves mostly 0.5-1.5 cm. long; 
2. Petals equal to or mostly shorter than the calyx; capsule exserted 
1. Plants glandular-pubescent, at least in the inflorescence 


1. Arenaria stricta subsp. stricta Maguire, subsp. nov. 


A stricta Michx. Fl. Bor. Am. 274. 1803, as to type. Alsine michauxii Fenzl Ver- 
breit. Alsin. 18. 1833. Alsinopsis stricta (Michx.) Small, Fl. S. E. U. S. 420. 1903. 
Minuartia michauxii (Fenzl) Mattf. Bot. Jahrb. 57. Beibl. 126: 28. 1921. Sabulina 
stricta (Michx.) Small, Man. 499. 1933. 

Characteristically on limestone rocks or stony soil; southern Ontario, Minnesota south 
to Arkansas and Virginia. 
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2. Arenaria stricta subsp. texana (Robins.) Maguire, comb. nov. 

Arenaria stricta var. texana Robins. Proc. Am. Acad. 29: 302. 1894. A. texana 
(Robins.) Britt. Britt. & Brown, Ill. Fl. 2: 34. 1897. Alsinopsis texana (Robins. ) 
Small, Fl. S.E. U.S. 420. 1903. Minuartia texana (Robins.) House, Amer. Midl. Nat. 
7: 133. 1921. Minuartia michauxii var. texana (Robins.) Mattf. Pflanzenareale 2: 46. 
1929. Sabulina texana (Robins.) Rydb. Brittonia 1: 88. 1931. 

Mostly dry stony limestone soil or rocks; Missouri and Nebraska south to Texas. 


3. Arenaria stricta subsp. dawsonensis (Britt.) Maguire, comb. nov. 

Arenaria dawsonensis Britt. Bull. N. Y. Bot. Gard. 2: 169. 1901. A. litorea Fern. 
Rhodora 8: 33. 1906. A. dawsonensis var. typica Boivin, Nat. Cana. 75: 216. 1948. 
A. dawsonensis var. litorea (Fern.) Boivin, Nat. Cana. 75: 216. 1948. A. uliginosa 
Schleich. Fl. France 4: 786. 1805, at least possibly as to boreal and arctic American 
plants. Alsinopsis dawsonensis (Britt.) Rydb. Bull. Torrey Club 39: 316. 1912. Al. 
litorea (Fern.) Heller, Cat. N. Am. Pl. ed. 3, 118. 1912. Minuartia dawsonensis 
(Britt.) House, Amer. Midl. Nat. 7: 132. 1921. M. litorea (Fern.) House, Amer. 
Midl. Nat. 7: 132. 1921. Sabulina dawsonensis (Britt.) Rydb. Brittonia 1: 88. 1931. 
S. litorea (Fern.) Rydb. Brittonia 1: 88. 1931. 

Rocky places, gravelly soil, and talus; Alaska, Yukon, Baffin and Greenland (acc. to 
Polunin) to British Columbia, Quebec, and Newfoundland. 


4. Arenaria stricta subsp. macra (Nels. & Macbr.) Maguire, comb. nov. 

Arenaria macra Nels. & Macbr. Bot. Gaz. 61: 30. 1916. A. tenella Nutt. ex Torr. 
& Gray, Fl. N. Am. 1: 179. 1838, non Kit. Schult. Oestr. Fl. ed. 2, 7: 662. 1514 
Alsinopsis tenella (Nutt. ex Torr. & Gray) Heller, Muhlenbergia 8: 96. 1912. M/nuar- 
tia tenella (Nutt. ex Torr. & Gray) Mattf. Bot. Jahrb. 57. Beibl. 126: 29. 1921. 
Arenaria tenella var. puberulenta Peck, Proc. Biol. Soc. Wash. 50: 121. 1937. 

Dry stony or gravelly soil; British Columbia and Alberta to Oregon, doubtfully from 
Wyoming; infrequently collected. 


38. ARENARIA ROSSII R. Br. apud Richards. Append. Franklin Journ. 738. 1823 


KEY TO THE VARIETIES 
1. Petals present.. 
2. Petals oblong, equal to or somewhat shorter than the sepals. ......1. A. rossi var. rossii 
2. Petals ovate, distinctly exceeding the sepals ......................-- 2. A. rossii var. daethiana 
1. Arenaria rossii var. rossii Maguire, var. nov. 

Arenaria rossii R. Br. apud Richards. Append. Franklin Journ. 738, as to type. 
1823. Arenaria rossi Richards. apud R. Br. Append. Parry Ist Voy. 272. 1824. Aren- 
aria elegans Cham. & Schlecht. Linnaea 1: 57. 1826. Alsine rossii Fenzl, Verbreit. 
Alsin. 18. 1833. Minuartia rossii (R. Br.) Graebn. Syn. Mitteleurop. Fl. 51: 772. 1918. 

Greenland westward through the Arctic Archipelago to the Northwest Territory and 
Alaska, south to British Columbia, Alberta and Colorado; and (acc. Mattf.) western 
Siberia. 


2. ARENARIA ROSSII var. DAETHIANA Polunin, Bot. Cana. Arctic 201. 1940 
A minor variant, apparently confined to Southhampton Island, South Bay. Variable, 
the more robust southern specimens have been referred to A. elegans. 


3. Arenaria rossii var. apetala Maguire, var. nov. 
Petalis obsoletis, aliter similis var. rossii. 
Type: Alpine meadow, Preston Park, alt. 7520 feet, July 20, 1932, Maguire 732. 
New York Botanical Garden. A minor variant known only from Montana and northern 
Wyoming. 


39. ARENARIA RUBELLA (Wahlenb.) Smith, English Bot. 4: 276. 1828 
A. verna Am. Auth., not L. Mant. 1: 72. 1767. Alsine rubella Wahlenb. Fl. Lapp. 
128. 1812. Al. verna Wahlenb. Fl. Lapp. 129, pro parte. 1812. Arenaria propinquia 
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Richards. Append. Franklin Journ. 738. 1823. A. quadravalvis R. Br. Append. Parry 
Ist. Voy. 271. 1824. A. verna equicaulis Nels. Bull. Torrey Club 26: 352. 1899. A. 
aequicaulis (A. Nels.) Nels. Man. Bot. Rocky Mts. 185. 1909. Minuartia rubella 
(Wahlenb.) Graebn. Aschers. & Graebn. Syn. Mitteleurop. Fl. 51: 733. 1918. 
Circumpolar and circumboreal; in North America from Greenland, the Arctic Archi- 
pelago, and Alaska southward to Gaspé and British Columbia; in the Rocky Mountains 
to southern Colorado, northern Arizona; and in the Cascade Range to northern Califor- 
nia. Exceedingly polymorphic, the glabrous variant known as the f. epilis (Fern.) 


Polunin. 


40. ARENARIA FILIORUM Maguire, Bull. Torrey Club 73: 326. 1946 
Gravelly soils and talus, most frequently above 10,000 feet; the southern Colorado 
Rockies, the high plateaus of south-central Utah, and the Charleston Mountains, Clark 


County, Nevada. 


41. ARENARIA NUTTALLII Pax, Bot. Jahrb. 18: 30. 1893 
Key To THE SUBSPECIES 
1. Leaves ascending or strict, neither arcuate nor squarrose. 
2. Leaves abruptly acute or apiculate, infrequently pungent; sepals acuminate, midrib 
not prominent. 
3. Petals shorter than the sepals; Cascade Range, Rocky Mountains 
. A. nuttallii subsp. nuttallii 
3. Petals longer than the sepals; north California coast ranges, Siskiyou Mountains 

2. Leaves strongly pungent; sepals narrow, pungently attenuate, midrib prominent; 

1, Leaves arcuate or squarrose. 

4. Sepals 3.5-5.5 (6.0) mm. long, lanceolate, sometimes broadly so, acuminate, | 
nerved (occasionally 3 nerved); petals shorter than the calyx; Cascade Range, 

4. Sepals 5.5-6.6 mm. long, narrowly lanceolate, pungently attenuate, 3 nerved; 
petals more or less equaling the calyx; central Great Basin 


1. A. NUTTALL subsp. NUTTALL Maguire, Madrofio 8: 259. 1946 

A. pungens Nutt. ex Torr. & Gray, Fl. N. Am. 1: 179. 1838, as to type, not A. 
pungens Clem. 1816. A. nuttallii Pax, in Bot. Jahrb. 18: 30. 1893. A. nuttallii var. 
gracilipes M. E. Jones, Proc. Calif. Acad. Sci. 5: 626. 1895. Alsinopsis occidentalis 
Heller, Muhlenbergia 8: 96. 1912. Minuartia pungens (Nutt.) Mattf. Bot. Jahrb. 57. 
Beibl. 126: 28. 1921. 

High altitudes in the Rocky Mountains and Cascade Range, British Columbia, 
Alberta to Oregon, Utah, and Colorado. 


2. A. NUTTALLI subsp. GREGARIA (Heller) Maguire, Madrofio 8: 261. 1946 
A. gregaria Heller, Bull. S. Calif. Acad. 2: 67. 1903. A. nuttallii var. gregaria 
(Heller) Jepson, Fl. Calif. 492. 1914. 
Plants of gravelly ridges, slopes, and talus, from Lake County, California, northward 
in the coast ranges to the Siskiyou Mountains and the Mt. Shasta region. 


3. A. NUTTALLII Pax subsp. Gracitis (Gray) Maguire, Madrofo 8: 261. 1946 

A. pungens var. gracilis Gray, Proc. Am. Acad. 29: 304. 1894. A. nuttallit var. 
gracilis (Gray) Robinson, Proc. Am. Acad. 29: 304. 1894. 

A compact leafy and fairiy uniform population of the higher mountains, the central 
Sierra Nevada Range south to the San Bernardino Mountains, California. 


4. A. NUTTALLII subsp. FRAGILIS Maguire & Holmgren, Madrono 8: 260. 1946 

Loose gravelly slopes at low altitudes; known in the Intermountain Region from 
Esmeralda and Nye Counties, Nevada, Mono County, California, north to Elko and 
Humboldt Counties, Nevada, and Malheur County, Oregon. 
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BOOK REVIEW 


THE PrpeERACEAE OF NorTHERN SOUTH AMERICA. By William Trelease and Truman 
G. Yuncker. University of Illinois Press, Urbana, Illinois. Two volumes, 838 pages, 
674 plates. 1950. $10.00. 


The senior author, William Trelease (1857-1945), was director of the Missouri 
Botanical Garden from 1889 to 1912, Head of the Department of Botany at the Uni- 
versity of Illinois from 1913 to 1926, and Professor Emeritus there from 1927 to 1945. 
He devoted nearly thirty years to the study of Piperaceae, particularly Piper, his special 
interest, during which time he published a number of papers on South American species. 
At the time of his death early in 1945 Professor Trelease left a considerable amount of 
unpublished material in the form of notes he had made in European herbaria, as well as 
the accumulated manuscript descriptions of many new species. This material, and much 
more, has been studied by Professor Yuncker, Head of the Department of Botany of 
Depauw University at Greencastle, Indiana, while a research professor of botany at the 
University of Illinois for the academic year 1946-1947. His outstanding qualifications 
for completion of this difficult task are clearly manifested in this present study. 


The Piperaceae (Pepper Family) is a large and difficult group of tropical dicotyledon- 
ous plants. The botanical work under review is a taxonomic monograph of the known 
species and genera of this family occurring in northern South America, including the 
Guianas, Venezuela, Colombia, and Ecuador. It is based chiefly upon study of botanical 
material borrowed from the principal herbaria in this country and abroad, and includes 
workable “artificial” keys and adequate descriptions of 840 species in six genera. Most of 
the species are in Piper (454 species), and Peperomia (365 species). Trianaeopiper has 
17, and Ottonia 1. The total number of newly described species is 411, of which 253 
are in Piper, 158 belong to Peperomia, and Trianaeopiper has 7. There is also a sizable 
number of new varieties. With the addition of these novelties the total number of known 
species of Piperaceae for the whole world is at least 1700. That many undescribed species 
exist in northern South America, and elsewhere, is regarded by the authors as probable. 
In addition to the descriptions and keys, there are detailed citations of specimens exam- 
ined. A useful feature of the work is the inclusion of a fifty-page index to these collec- 
tions. There are 674 full-page half-tone plates, made from photographs of type-specimens 
and other authentic material and taken by Dr. Yuncker, although he modestly refrains 
from mentioning the fact that he and Mrs. Yuncker did all the work of preparing these 
photographs. These excellent illustrations should greatly facilitate the labor of identifying 
species of Piperaceae, and will doubtless aid in the use of the keys. 


This two-volume work is a valuable reference manual for taxonomists, ecologists, bio- 
geographers, economic botanists, and other biologists in universities, herbaria, museums, 
and government laboratories throughout the world, particularly those engaged in biological 
studies of South America. It fills a gap in our knowledge of these plants, and is destined 
to become the standard work for their identification and taxonomic analysis, for it is indis- 
pensable in the study of the Piperaceae over a much wider area than that actually 
indicated by the title. We have here the combined studies of two specialists working inde- 
pendently on the same material, and the published results are therefore particularly 
authentic.—GEorGE NEVILLE JONES, University of Illinois, Urbana. 
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